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REMARKS 

1. The Subject Matter of the Claims 

In general, the subject matter of the claims relates to monoclonal antibodies 
specifically reactive with aa integrin which also modulate TNF-a activity. The foregomg 
amendment is in the revised amendment format as provided in 1267 OG 106. Accordmgly the 
provisions of 37 C.F.R. § 1.21, requiring submission of clean and marked-up versions of the 
replacement paragraphs and claims, are waived. 

II. The Objections to the Specification 

Applicants note the Examiner's objections in paragraph 3 regarding the formal 
drawings and submit corrected drawings herewith. 

The Examiner states in paragraph 4 that the title of the invention is not 
descriptive. Applicants have amended the title to read "Modulation of TNF-a with Integrin a. 
Specific Antibodies." 

In response to paragraph 5 of the Office Action, the first paragraph of the 
specification has been amended to update the priority claim of the application and the status of 
the priority applications. 

The Examiner states in paragraph 6 that all trademarks are to be indicated 
appropriately. Applicants submit that to the best of their knowledge all trademarks in the 
application are designated correctly. 

The Examiner states in paragraph 7 that some sequence identifiers appear to be 
missing, e ,.. at page 125 of the specification. Applicants submit that due to dte page breaks 
between pages 124-125 of the specification, the sequence identifier for the sequence at page 125, 
line 1. ,s found on the previous page at page 124, line 32. No other sequence idennfiers are 
missing in the appUcation. 
III. Amendments 

Support for the amendment to claim 1 1 and 12 can be found at page 5, lines 3-5, 
and at page 5, lines 22-24, which describe preferred a,-encoding polynucleotides and aa 
polypeptide molecules, respectively. Page 13, lines 26-28, describes homologous aa molecules 
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encoded by polynucleotides which hybridize to polynucleotides encoding aa and page 29, lines 
29-32, describes hybridization conditions under which these polynucleotides will hybndize to 
other ttd-encoding polynucleotides. 

Support for the amendment to claim 14 can be found at page 91, lines 18-27, 
which indicates that hybridoma fusion 205 was performed in a manner similar to fusion 199 in 
which the I-domain of the aa protein was used as the antibody priming antigen (see page 88, 
lines 23-28). The amendment includes no new matter. 



IV. Patentability Arguments 

A The Reiection of Claims 11-14 under ^ 

35 U.S.C. §112 First Paragraph, May Properly be Withdrawn 

In paragraph 9 of the Office Action, the Examiner rejects claim 14 under 35 
use §112 first paragraph, for assertedly not being enabled by the specification. The 
Examiner alleges that the application did not enable claim 14 because it contained no indication 
of deposit information for the claimed hybridomas. Applicants submit that amendment to claim 
14 to recite a specific antigen used to generate the antibodies, rather than hybridoma clone 
designation, obviates this rejection. 

M paragraph 10 of the Office Action, the Examiner rejects claims 11-14 under 35 
U.S.C. §112, first paragraph, as assertedly not being enabled by the specification for "any aa 
specificity as the target of the claimed methods." 

AppUcants submit that amendment to claims 1 1 and 12 to recite specific aa 
molecules obviates the Examiner's rejection. The amendment to the claims indicates that the 
anti-aa monoclonal antibody is immunospecific for the aa polypeptide encoded by a 
polynucleotide selected from the group consisting of SEQ ID NO: 1, a polynucleotide that 
encodes the polypeptide of SEQ ID NO: 2; and a polynucleotide that hybridizes to the 
complement of either (i) the polynucleotide of SEQ ID NO: 1 or (ii) a polynucleotide that 
encodes a polypeptide of SEQ ID NO: 2. Support for the amendment is provided m Section III 
above. 
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B The Rejection of Claims 11-14 under ^ 

35 u!s C. §112, Second Paragraph, May Properly be Withdrawn 

In paragraph 1 1 .A, the Examiner asserts that claims 1 1-14 are indefinite in their 
recitation of the term "modulating." Applicants contend that "modulating" is clearly defined m 
the specification at page 19, line 8, to be either the inhibition or enhancement of a particular 
activity (in the instant case, TNF-a activity). 

Applicants submit that because the specification specifically defines 
"modulation," there is no need to fiirther define what type of modulation or what degree of 
modulation is necessary. 

The Examiner asserts in Paragraph 1 1 .B that claim 14 is indefinite in its recitation 
of hybridomas 205C and 205E because their characteristics are not known. Applicants submit 
that the amendment to claim 14 obviates this rejection. 

C The Rejection of Claims 11-13 under 

35 U.S.C. §102(b), May Properly be Withdrawn. 

In paragraph 13 the Examiner rejects claims 11-13 under 35 U.S.C. §102(b) for 
assertedly being anticipated by Gallatin, which allegedly teaches methods of treating immune or 
inflammatory responses with antibodies to aa- 

Apphcants respectfiilly disagree. The present invention involves methods for 
specifically modulating TNF-a activity using monoclonal antibodies to a„ and Gallatin does not 
disclose or suggest any ability of aa-specific antibodies to modulate TNF activity. Gallatm 
simply describes a method for producing aa-specific antibodies and discloses a general use for 
the disclosed antibodies, without giving any particular examples of aa-specific monoclonal 
antibodies or methods for their use other than the generic use for treating immune or 
inflammatory responses. AppUcants submit that methods of treating an immune response does 
not suggest, or even require, modulation of TNF-a activity. In addition, it is well-known m the 
art that inflammation can arise without involvement of WF-a at all. See e.g., Feliciani et al. "A 
Th2-like cytokine response is involved in bullous pemphigoid. The role of IL-4 and IL-5 m the 
pathogenesis of the disease" Int J Immunopathol Pharmacol. 12:55-61 . 1999, and Takashi et al, 
"Spontaneous B-cell IgE production in a patient with remarkable eosinophilia and hyper IgE" 
Ann Allergy Asthma Immunol. 2000 85:150-5 (References enclosed). As such, a worker of skill 
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in the art would not have realized the ability of these antibodies to modulate TNF-a activity until 
the present disclosure. 

The Examiner contends that the mechanism of action has no bearing on an 
invention when that invention was already known or obvious. Anticipation, however, requires 
that a reference disclose each and every limitation of the claimed invention. Gallatin neither 
discloses nor suggests an antibody that fimctions as a modulator of TNF-a activity because that 
property of the aa antibodies useful according to the invention was neither known nor obvious to 
a worker of skill at the time of filing. Thus, the Applicants submit that the rejection of claims 
11-13 under 35 U.S.C. § 102(b) should properly be withdrawn. 

D. The Rejection of Claims 11-14 under the doctrine of 

Obviousness-type Double Patenting May Properly be Withdrawn. 

m paragraph 15 of the Office Action, the Examiner rejects claims 1 1-14 based on 
non-statutory obviousness-type double patenting as allegedly unpatentable over claims 1-10 of 
U S Patent No. 6,251,395 and claims 1-9 of U.S. Patent No. 6,432,404. The Examiner states 
that the pending claims directed to modulating TNF-a activity using aa-specific antibodies would 
be an inherent property of the patented methods, which inhibit locomotor damage following 
spinal cord injury or inhibit inflammation in central nervous system (CNS) injury by 
administration of aa antibodies. 

Non-statutory obviousness-type double patenting requires comparison of the 
application cMm and cited patent claims on a claim by claim basis. Use of the specification 
and all it discloses is improper except to establish a meaning for a claim term. See In re Boylan 
392 F 2d 1017, 157 USPQ 370 (CCPA 1968). MPEP 804 states that non-statutory type double 
patenting is primarily intended to prohibit issuance of claims in a second patent not patentably 
distinguishable from claims in a first patent. A worker of skill in the art looking at the claims of 
either of U.S. Patent Nos. 6,251,395 or 6,432,404 would not reaUze that the subject matter of the 
claims would embrace the modulation of TNF-a activity. The patent claims recite methods for 
inhibiting macrophage infiltration or locomotor injury in the CNS using antibodies to aa. Many 
activities facilitate the entry of macrophages into the CNS as well as modulate locomotor injury; 
e.g., Flugel et al, {Eur. J. Immunol. 31:1 1-22. 2001) discloses that nerve growth factor can 
mediate macrophage entry in to the CNS, and Huang et al., (/. Exp. Med. 193:713-26. 2001), 
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discloses that lack of the chemokine, macrophage chemotactic protein-1 (MCP-1) prevents 
macrophage infiltrate into the CNS (References enclosed). Administration of aa-specific 
antibodies therefore could modulate macrophage infiltration in to the brain by a number of 
different mechanisms, and it would not be at all apparent to a worker of skill in the art that the 
patented claims would embrace the modulation of TNF-a activity. Thus, the patent claims 
cannot render obvious methods of modulating TOF-a recited in the currently pending claims and 
the obviousness-type double patenting rejection should properly be withdrawn. 

V. Conclusion 

In view of the amendments and remarks made herein. Applicants submit that 
claims 11-14 are in condition for allowance and respectfully request expedited notification of the 

same. 

Respectfully submitted, 

MARSHALL, GERSTEIN & BORUN 

6300 Sears Tower 

233 South Wacker Drive 

Chicago, Illinois 60606-6357 

(312)474-6300 



By: 




August 11,2003 



Katherine L. Neville 
Reg. No: 53,379 
Agent for Applicants 
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reaction procedure in 13 ^he T cell mnammatory ' distribution in 

(IFNH and tumor necrosis ^-^I'^l^^Jll^ ^ cells with a perivascular and 'f'l^^^^^^^^^l^^^ 
monoclonal antibodies showing CW^. cm+ ^^^ij,ution to the inflammatory mfiUrate. 
lesional skin. IL.4 andIL-5 were «'f'^^"L"p™ Proinflammatory cytokines such as JNF^. 6 ana 

mRNA levels v.ere also "-^^^'^ ^"^^le^X^ 
Thl-likecytokines(IL.2andINF-T,)wenotdetect^^^^^^^ 

I^eimportantineosinophilch— c --^^^^^^^ ^„ ,3,,„g,„.is of the disease. 
IL-5 in BP suggest that these cytokines could M p 

1 Studies involved in the comprehension and 

Bullous Pemphigoid (BP) is a subeHerma ^^^^^^^^ 

,,,e.ing f^;;^:::;^^ have ^^^'t^^-^^^^^^ 
depositions of complement anuigvj .nj^z). inflammatory infiltrate (.y luj. qi.isv 
■ . fv,» v.5i«ement membrane zone (.bjvi^.;- Thl-like involvement in Bi 

J™n2ity\heT?>2phenotype,whichp™^^^^^ v.. ri7) have been demonstrated 

.„ h„rt,oral resconse, synthetizes Ib-^, 



hypersensitivity, iheTh2pnenoiyF«^. T: .es lL-4 
support to the humoral response^sgh jzes IL 4^ 

IL-5 lL-6, lL-10, IL13. and GM-CSF (4-6). in^ 
L^toldkesareimportantmediatorsmeosmopW 



/andt2;it-ctiv'ty(17)havebeen^^^^^^^^ 
in BP blister fluid or in the sera of P-'^'^^J^" 
"he other hand several authors have shown^™; 
UkeinvoWementinthepaftogenesisofa^e^^^^^ 
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(18-19). IL-4 and IL-5 are important cytokines in 
eosinophil chemoaitraction and maturation (20- 
21). Eosinophils have assumed an important role 
in the pathogenesis of several skin diseases, 
including autoimmune bullous disorders (22), 
Eosinophil derived proteins, presumably proteases, 
seem to be directly involved in the dermal epidermal 

split (23). . u u • 

A prevalent Th2 type phenotype m other chrome 
subepidermal bullous diseases such as Unear IgA 
dermatosis (24) and dermatitis herpetiformis (25) 
have been recently reported. This is the firstreport 
showing a Th2-like cytokine expression at a 
molecular level in BP and we suppose that IL-4 
and IL-5 are important mediators in the development 
of the disease. 

MATERIALS AND METHODS 
Patients 

Thirteen patients affected by BP were selected for 
this study (7 male, 6 female). Age ranged from 48 to 81 
years (median age 65.8). Diagnosis was established 
according to clinical, histopathologic and immunologic 
(direct and indirect immunofluorescence on sucdcn 
sphl-skin) criteria. All specimens were from patients 
with a recent onset of the disease and without any 
previous specific treatment. Skin specimens , were 
immediately frozen in liquid nitrogen and stored at - 

80*'C until use. 

Immunohistochemistry 

Cryostat sections were cut at 6(m and air dried for 
30 minutes without fixation. Endogenous peroxidase 
was quenched in 0.3% Hp,. Single immunolabelling 
on serial sections was performed as previously descnbed 
(26^ using monoclonal mouse anti-human antibodies 
CD3, CD4, CD8, (YLEM, Rome, Italy), CD45RO 
(Dako. Glostrup, Denmark), TNF-a, lL-2, IL-4, IL-6, 
and IFN-7; rabbit anti-human TL-5, IL-8 (Gcnzyme, 
Cambridge, USA), and TNF-a (Pepro-Tech, Rocky 
Hill. NJ, USA). Skin sections were incubated with 
prii^ary antibodies, then incubated with biotinylated 
rabbit anti-mouse IgG or goat anti rabbit and finally 
reacted with HRP-streptavidin. In brief, primary 
antibodies were incubated ai room temperature for 60- 
90 min in a moist chamber. For immunoperoxidase 
staining wc used a strcptoavidin-biotm system kit for 
primarymouseandrabbitantibodies ( YLEM, Avezzano, 

^^^^^Diaminobenzidine tetrahydrochloride in PBS 



containing 0.01 % fresh hydrogen peroxide was used as 
a chromogenic substrate. Sections were countstamed 
with hematoxylin, dehydrated and permanently mounted 
with Eukitt (Kindler GmbH & co., Freiburg, Germany) 
under a coverslip. 

Negative controls were performed using 1) normal 
skin, 2) omitting theincubation with primary antibodies. 
Cytokine expression were assessed as follows: strong 
staining, ++++/+++; moderate staining, ++; weak/focal 
staining, +; the epitelial staining was described as 
positive or negative. 

mRNA extraction and vDNA synthesis 
mRNA was extracted using a purification system 
kit (Pharmacia Biotech, Milan, Italy). In brief, about 
30 of 20 [im cryostat sections from a 6 mm punch 
biopsy (about 0.5 gr of frozen tissue) were dissolved in 
a solution containing guanidinium thiocyanate 4M and 
N-lauroylsarcosine in order to preserve the RNA. The 
solution was placed in aligo(dt)-cellulose at 25 mg/ml 
suspended in a storage buffer containing 0. 1 5% Kathon 
CG (Pharmacia LKB, Cologno Monzese (Ml), Italy). 
After several washes in salt buffers containing 10 mM 
Tris-HCl (PH 7.4), 1 mM EDTA, 0.5 M NaCl or O.l M 
NaCl in the last 2 washes, the oiigo(di)-cellulose 
containing mRNA was placed in filter columns and the 
mRNA was eluted in warm TRIS-HCl 10 mM and 
precipitated in chilled 95% ethanol overnight. After 
centrifugation, the pellet was dissolved in 14^tl of 
DEPC-treated sterile water and quantitated by 
spectrophotometric analysis. 0,5 ^-g of mRNA was 
transcribed in cDNA incubating it with 200U of 
superscript reverse transcriptase (GIBCO BRL. Milan, 
Italy) and 50 ng of Random Examers. 
Reverse Transcriptase-PCR 
cDNA was amplified with 2.5 U Taq polymerase 
(Perkin Elmer Cetus, Milan, Italy) using l.SpMof 
each primer specific for lL-2, IL-4, IL-5, IFN-7, P- 
actin. Primers were prepared from published sequences 
(27) using a DNA synthetizer (Applied Biosystem, 
Warrington, Great Britain). The sequences of specific 
primer pairs used in the PGR were as follows: 
IL-2: upstream, 5'-ACTCACGAGGATGCTGACAT-3'; 
downstream 5'-AGGTAATCCATCTGTTGAGA-3' 
IL-4: upstream, 5'-CTTCCCCCTCTGTTCTTCCT-3'; 
downstream, 5'-TTCCTGTCGAGCCGTTTCCAG-3' 
IL-5: upstream, 5'-ATGAGGATGClTCTGCATTrG-3'; 

downstream, ^ " 

TCAACnTCTArrATCCACTCGGTGTTCATTAC.3' 

IF'N-'v: upsu-eam 5' AGTTATATCTTCK}CTnTCA-3 
downstream , 5 *-ACCGAATAATTAGTCAGCTT-3' 
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RESULTS 



p.Ac,in:upstream.5'-GTGGGGCGCCCCAGCCAC- 
CA-3'- ^r^r^srr Clinical and immunophatological findings ot 

ATrrc-3- „ „. demostrated depositions of IgG and C3 m the 

basement membrane and positive indirect 
immunofluorescence. 

Table I also summarizes tne 
inmiunohistochemicaliesult.andmRNAexpress.on 

for each patient. 

Immunohistochemislry 
Immunohistochemical analysis sho>ved a 
nerivascular and scattered distribution of CD3+ i 
« is a prevalent CD4+ T helper pattern with 

abl 50% of CD45RO+ cells. CD45RA subset 
was also focally present. T»i>cV,„«,prf 
Ten out of 1 3 patients affected by BP showed 
anositivity to IL-5 and IL-4. IL-4 and lL-5 staming 
Sowed a'scattered and perivascular paUern in 
lesionaKfig. la, Ic) and perilesional sites (fig.lb). 
C is were'mostly stained with an intracemibr 
pattern, but some cells showed an f^^f^f^ 
staining. Rarely some intraep.dermal cells were 
posS for IL-5 in BP (fig-lc). Controls and 
Somal skin were negative, in lesional areas 
rXLatory cells consisting of CD4+ cell and 



^ Each sample was divided in half one pa« wa 
used for the cytokine of interest, the other half for the 
hikeepJgeneMctinforsemiquantLtativean^^^^^ 

fl.actin with the following protocol: 1 min. at 94 C I 
min at 58=C (62=C for IL-4 and P-actin), 1 mm. at 72 ^ 
,0 .ycles were used for cytokines of interest and 25 
'.vcles for p-actin. The linear range of signal strength 
toeachcytokinemRNAwasdeterminedbyperformmg 

Utratior, for cDNA and cycle numbers as previously 
described to obtain non saturated PGR reactions tor 
each cytokine (28-29). Five ^1 of amplified products 
were electrophoretically separated in 2% agarose ge 
containing ethidium bromide and finally analyzed fo 
Lecular size. The following controls were used: 1 
aenomic DNA; 2) PGR products without primers 3) 
'normal skin (5 specimens). Signals were analysed by 
software Bio-profile (Vilber Loumial. Nice, France), 
andsemi-quantitativeanalysiswaspossiblecompanng 

the amplified product signals with the p-act,n signal. 
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\ ;„ > „^ n.5 in BP: sections obtained from frozen biopsies jere 

Fig. 1. Immunohistochemical detection ^f/^:'^2tIteroxidase method (streptoABC-system) us descnbed m 
sLed by the -^treptoavidin-biotin complex m^^^^^ j f^^„^^ ,f iL.4proteininabUster 

^:-:^^.^,'::^:r^o;^^ 

are present in the epidermis. 



M I 2 3 X < K9 10 1112 13^ 



Fig. 2. RT-PCR for lL-4 and lL-5 mRNA in 
Bullous Pemphigoid. 

Patients are numbered from 1 to 13 M^Murker; 
C= Positive Control: N= Normal skin. 



eosinophUs roughly corrisponded to the IL-4 and 
Z-5 staining. IFN-t lL-2 and TNF-a were under 
detectable levels. 

Th2-like cytokines mRNA expression 

As shown in figure2 all BPpatientsexpre.ssed 

lL-4 and IL-5 mRNA. lL-4 or lL-5 expression 
appears not to be related to the disease activity^ 

Most of the patients showed a ^^'-f;^^'''';^ 
betweenIL-4andIL-5(egpaUentsl.2.4.10.11. 3), 

others showed an higher IL-4/'^P^"%°° ^ff" 
patients 3,6,8.12) and only two (patients 5 and 7) 
LwedanhigherlL-Sexpression-Controlsfa^ed 

to express both IL-4 or IL-5 even atter 50 PCR- 
;cles!NosignalsweredetectedforIL-2a^^r60 

cycles, IFN-7 was evident after more than 50 
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cycles both in normal and diseased skin in 
• accordance with previously pubhshed results (27). 

DISCUSSION 

Bullous pemphigoid (BP) is an autoimmune 
blisteringdisease,characterizedbylineargG(mmnly 

lgG4) and C3 deposits at the dermal-epidennal 
blemenlmembrane(BMZ). Apalhogemc«>lefor 

specific antibodies has been demonstrated both m 
vitro on slcin esplants (30) and in vivo using a 
passive transfer model in mice (31). Neverthless 
Se presence of activated T cells within BP les.ons 
andintheperipheralbloodofpatients,accompamed 

byeosinophilia,highlevelsofeosmophiliccatiomc 



I 

i 



i 



1 



Jnt J. Immonopathol. PhamwcoL 



59 



protein (ECP) and IgE, indicates the involvement 
Sniediiedimmunereactionintheprocessof 

blistering (32,33, 7, 10). disolavs a 

The T-cell component "»JP displays a 

predominant T Helper pattern (CD4|CD8-2^1J. 
Liitrasung data, however, regard the Thl vs m^l 
of t^is infillrale (1,2,7,34). Kaneko el 

Cortthepresenceomi ly™Ph-ytesp~ducmg 
?FN-( ( 12). Consistentwith this finding IFN-(has 
beenshown to induce, in vitro,adermal epidermal 

Swithinthelaminalucidadl, 13).Morerecendy 
however.aThMikeactivityhasbeendemonsuated 

in BP. The finding of increased serum CD30 
evels, a specific activation marker of cells able to 
produce Th2 cytokines (35), in BP patients, seems 
fo suggest that these cytokines play a role m the 
diseJe (36). In the same study. De Pita and coll. 
t„raLelationbetweensCD30andIL-4serum 

levels (36). However, more direct evidence for a 
role of Th2 cytokines in the process of blistering 
comes rom studies showing a higher level of 
Se mediators in BP blister fluids than m 
cor esponding serum samples (37-39). Previous 
reports found IL-4 and IL-5 in BP blister fluid by 
ELISA method (37-40). In the present study we 
confirm, by immunohistochemistry, the presence 
onL4andIL-5proteinwithinBPlesions,andwe 
dcmostratcIL-4andIL-5mRNAcxprcssionmBP 
lesions Although double staining with anti IL-4 
and anti CD4 or%ith anti lL-5 and CD4 was not 
feasible, it is very likely that IL-4 and IL-5 found 
in the skin could be produced and "P^e^^^'* by 
CD4+ cells and eosinophils. Infacl most of the 
cellularinfiltrateinEPisrepresentedbyeosmop^^^^^ 
neutrophils and T cells, though mast cells play a 
role as well (1,3,9). The majority of this T cell 
infiltrate has the characteristics of the activa ion 
state (expression of HLA-DR antigens, produc- 
:ion of IL-2. association with CDla. positive 
cells^ (1 10 14). In our study the finding of high 
etioflUdlL-5bothmessengerand^^^^^^^^^ 
andalmostundetectablemessengerforlFN--yclea^y 
indicates that T cells are polarized towards a TH2 
Dhenotype. as we have already shown m HD. 
anothe? autoimmune subepidermal disease with 
Slue eosinophilia (25). Since we describe a loca 
productionofIL-4andIL-5inthesUeofb iste^ ing 

we think thai these cytokines could play a central 
To e tL process. We speculate that the binding 
of the autoantibody to the target anUgen activates 



the complement thus producing an inflammatory 
infiltrate Chemoattracted Th2 ceUs. producmg 
IL-4 and IL-5 could induce eosinophil activation. 
IL-4 exerts pleiotropic effects by acung on 
eosinophil recruitment in tissues (41 ) . It promotes 
eosinophil transmigration from vascular 
endothelium by upregulaiing ""P"''^^/*^";^" 
molecules such as ICAMl (42) and VCAMl 43)^ 
?Ss last one has been detected on vessels in 
blistering areasofBPin association withE-selectm 
aid P slctin (44). IL-5 shares its Properties on 
eosinophils with IL-4 although IL-4 seems to act 
mainly on growth (21). while IL-5 has effects on 
Tornophil chemoattraction and activation in vitro 
aSd in vivo (45-48). Experiment^ data lodK^ate 
that the accumulation of eosinophils within BP 
estons is directly related to blistering process 
(44) Infact eosinophil granule protems. though 
epJesented in all stages of BP l^^^'/J^j;^^^^^ 
marked in early crytiiematous and prebul ous 
TuSal) areas and is minimal in umnvolved 
skin (44). Furthermore it has been demonstrated 
invitro,that92KDgelatinase,aproteaseexpressed 

Ly bi eosinophils in BP lesions, has the ability 
to cleave the extracellular collagenous domain of 
recombinant 180 kDa BP ^"^ 
contributing significantly to the dermal epidermal 

spht in BP (23). 

Taken together, these data provide further 
support to tiie hypothesis that the infiltiatmg T 
c^UsLBParestimulatedimmunologicaUy diow^^^^ 
a preferential polarization toward Th2-like 
phenotype. We also speculate that IL-4 and 
could play a central role in recruitmg. m sitii, 
roSmo'rpUclear cells able to release factory 
capable of detaching the basal membrane. In BP 
patients an immunologicresponsem.ghtbe present 

which involves not only the production of IgG 
autoantibodies directed against specific cutaneous 
antigens butalsotheactivationofTcells. polarized 

into a Th2-type profile. Th2 cells, producing n-4 

and IL-5. could induce eosinophil activation^ 

Eosinophils, together with mast cells and 

neutrophils, in this environment, could produce 

proteases responsible for the proteolytic action on 

the basement membrane. . 
Inconclusionourreportsupportsthehypothesis 

lhalTh2-likecytokinesIL-4andII.5inassc«iation 
with other mediators, are important in mediating 
the local immune response in BP. 
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Spontaneous B-cell IgE P/«d«^tiS\^^^^^^^^ 
with remarkable eosinophiha and hyper igu. 



B.ckg™.»d: T1« patophysiology of »sin<,p«. ^ hyper-IgE is m Mly 

stimulating factor (GM-CSF) m "f„.^,'"„_-..:yelv Newly expressed surface 

pg/mL. 8 pg/mL. and <5 Pg/"^ Pg^Tj-'D^'P^^^^ observed on 

antigens CD4. CD25, CD69, and »^A;P„^' "^^^ .e^retion was found in 

peripheral blood eosinophils ExtrcrndV ^ur* , nrenhanc«^ by IL-4 or 

The patient' s mononuclear cells highly purified 

produced IgE independendy of T .^^/JjoJ^s Sg ^.^ 
LormaUty of B cells leadmg to d'^^^^^rSSTllunol 2000;85:150-155. 



INTRODUCTION 

The IgE immune response is important 
because it leads to the development ot 
allergic diseases such as rhinitis and 
bronchial asthma.' The production ot 
immunoglobulin E (IgE) from B cells 
requires at least two signals: a class 
switching factor, most commonly in- 
terleukin (ILH. and the engagement 
of CD40 molecule on B ceUs. ine 
combination of IL4 and anti-CD40 
monoclonal antibody (mAb) promotes 
IgE production in vitro.^'* 

Eosinophiha is reported in various 
diseases such as bronchial asthma, par- 
asite infection and Churg-Strauss syn- 
drome. Mature eosinophils are devel- 
oped in the presence of interleukin-3 
(L-3), interleukin-5 (IL-5). and gran- 
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ulocyte/macrophage-colony stimiilat- 
ing factor (GM-CSF).' The functions 
of eosinophils are survival elongation 
in viuo.* degranulation,' release ot 
chemical mediator* and cytokine pro- 
duction.* Surface antigens on eosino- 
phils are expressed by various cytokine 
stimulation" and the newly expressed 
surface antigens are suggested to be a 
hallmark of activation."^" 

To clarify die patiiophysiology ot a 
patient with high levels of serum IgE 
and remarkable eosinophUia, we have 
examined the concentration of cyto- 
kines in serum, surface analysis of eo- 
sinophils and IgE synthesis in vitro. 

CASE REPORT 

A 82-year-old man was transferred to 
our hospital because of edema on die 
extremities, systemic erythema, eosin- 
ophilia, and high levels of serum Igt. 
He was treated twice for mberculous 
pleurisy (16 years old and 26 years 
old) He had suffered from atopic der- 
matitis for 5 years and was treated with 



steroid oindnent. In August 1997, he 
was admitted to a hospital because of 
pyrexia. A diagnosis of pulmonary tu- 
berculosis was made based on positive 
acid-fa.st stain of the spuOiin and con- 
solidation shadow of right middle- 
lower lung fields on chest roentogcno- 
gram; the patient was administered the 
anti-tuberculous drugs isoniazid, ri- 
fampicui and etiiambutol. Altiiough 
liver dysfunction occurred (GOT 500 
U/L GPT 487 U/L, LDH 1.092 U/L), 
it was improved by quitting adminis- 
tration of the anti-niberculous drugs. 
The number of peripheral blood eosin- 
ophils, however, gradually increased 
(2 000 to 8,000//iL), and systemic er- 
ythema worsened in conjunction with 
the appearance of edema in the lower 
extremities. On November 19, 1997 he 
was uansferred to our hospital for ftir- 
ther examination. His temperature was 
37 e^C; several 5 to 10 mm sized su- 
perficial lymph nodes were palpable 
on die bilateral neck, left axilla and 
bilateral groins. Liver was palpable 3 
cm on right midclavicular hne. White 
blood cells of peripheral Wood 
(15 700//1.L), eosinophils (8,007/^-1-) 
and LDH (813 U/L) were elevated. 
Senim IgE and CRP were 25.20^ 
lU/mL and 1.09 mg/dL. respectively. 
Drug-induced lymphocyte .stimulation 
test for antituberculous drugs was neg- 
ative. Repeated tests for parasites m 
tiie feces were negative. Chest roen- 
togenogram showed consolidation on 
rilht middle-lower lung fields wj 
pleural calcification. Biopsy and aspi- 
ration of bone marrow showed m- 
creased cell number of mature eosino- 
phils widiout malignant cells and a 
lymph node biopsy specimen takw 
from the right inguinal region show^ 

no malignancy. Steroid ointment wi» 
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admimstered; edema on extremities 
and systemic erythema improved arid 
peripheral eosinophil count gradually 
decreased (500 to 3,000/mU but the 
high levels of serum IgE persisted. The 
patient was discharged on February 1 1, 
1998 with high levels of serum IgE 
(133,870 lU/mL). 



MATERIALS AND METHODS 

Antibodies and Reagents 
' FITC-conjugatcd mAbs against CD9 
^(mouse IgGl. Pharmingen San Diego^ 
■ USA), CD20 (mouse IgGl, Dakopatts 
IpjS, Denmark). CD25 (mouse IgG , 
ioakopatts MS), CD54 (mouse IgGl. 
Ilmmunotech SA, Marseille. Frzncc). 
^CD69 (mouse IgGl, Becton Dickm- 
t son. San Jose. USA), VLA-4 (mouse 
hgGl, Immunotech SA) and phyco- 
i irthrin (PE)-conjugated mAbs agaii«t 
HlLA-DR (mouse IgGl, Becton Dick- 
finson). CD4 (mouse IgGJ. ^Jf^ 
i Dickinson), isotype-matched FITC- or 
^PE-conjugated mouse . njAb^ 
i(Dakop^tsA/S), purified ana-CD40 
:i mAb (IgGl, Immunotech SA), recom- 
!binant human (rh) IL^ (Genzyme 
^ Corp, Boston. USA) were purchased. 

; Cell Preparation 

? Peripheral blood mononuclear cells 
* (PBMNCs) from the patient and irormal 

? subjects were isolated by FicoH- 
' Saque (Pharmacia. NI. USA) density 
Igi^ent centrifiigation. FurAeimore^ 
^ erythrocyte rosette-positive (E+) ana 
' negauve (E-) populatioi^'^ were sep- 
; arated with 5% sheep erythrocytes. Af- 
ner depleting monocytes with siUca 
■ (IBL, Fujioka. Japan) or adherence to 
^ihe^astk: surface, E- cells were fjn^ 
ither purified into B cells by positive 
Selection with anti-CD 19 mAb<o^ 
iimmunomagnetic beads (Dynal Osto. 
I Norway); anti-CD19mAb was thenre- 
IniovedbyuseofDetachabeadPy- 
Inal). Ninety-seven percentof B ceus 
were reactive with anti-CD20 mAbs^ 
I The B cells thus obtained had some 
rtyrosine phosphorylations, ^herei^ no 
I proliferation and activauon were 
I found. 



Cytokine and Chemokine 
Measurements 

Peripheral blood (PB) was taken from 
the patient before steroid treatment. 
Peripheral blood was kept at room 
temperature for 30 minutes. Serum fw 
cytokine measurement wi^ obmned 
by centrifugation at 400 g for 10 mm- 
utes at 4''C. These samples were kept 
at -70°C until assay. Cytokine con- 
centration was measured usmg an 
ELISA kit. The kits for tumor necrosis 
factor-a (TNF-a) (Medgenix Diagnos- 
tics, Fleurus, Belgium), mterleukm-3 
aL-3) (Amersham Intemaaonal pic 
Buckinghamshire. UK), interleukin-4 
fIL-4) (Amersham International pic.) 
ind intefleukin-5 (IL-5) (R&D Sys- 
tem, Minneapolis, USA), f^^^^fy^ 
macrophage colony sumulating factor 
(GM-CSF) (Amersham Inlemauonal 
pic), macrophage/monocyte cheino^ 
Ltic protein-3 (MCP)-3 (Toray Co, 
Tokyo, Japan) and regulated on activa- 
tion, normal T cell expressed and se- 
creted (RANTES) (Amersham Jiterna- 
tional pic.) were employed. The 
minimum measurable anjounts of 
TNF-a. IL-3. IL4. IL-5 and GM-CSF 
are6pg/mL,15 pg/mL. 15 pg/ni. » 
pg/mL. 5 pg/mL. 200 pg/mL and 50 
SmL. res^vely. Each cytokine 
l^el of normal control .serum was be- 
low the minimum measurable sensitiv- 
ity. 

Surface Analysis 

To analyze surface antigens of eosino- 
phils, we purified PB eosinophils using 
an improved inununomagnetic selec- 
tion procedure." Briefly. 20 mL hepa- 
rinized venous peripheral blood was 
mixed with piperazine-N. N-bi 
Xane sulfom'c acid) (PIPES) buffer 
(25 mM PIPES. 50 mM NaCl. 5 mM 
KCl. 25 mM NaOH. 5.4 mM glucose 
PH 7.4) at a 1:1 ratio. The dUuted 
blood was overlayered on isotonic Per- 
coll solution (1.082 g/mL) (Sigma) and 
centrifuged at 1.000 g for 30 minutes 
at 4°C. The mononuclear cell layer 
was then removed and erythrocytes in 
the sediment were lysed using two cy- 
cles of hypotonic water lysis. Isolated 
granulocytes were washed twice with 
PIPES buffer with 1% inactivated fetal 



calf serum (FCS) (Life Technolop«^. 
inc. Gaithersburg. USA). The pellet of 
granulocytes was inaibated with anti- 
CD 16 mAb coated immunomagneuc 
particles (Miltenyi Biotec Bergish- 
Gladbach. Germany, 50 for 5 X 
10' ceUs) for 60 minutes at 4 C. Mag- 
netically labeled neutrophils were then 
depleted by passing the granuloc^s 

through a magnetic ceU separauon 
(MACS) column in the field of a per- 
manent magnet (Milteny. Biotec). Ttas 
procedure resulted in more than 98 A 
Sure eosinophils with less than 2% 
rontamination by neutrophils and 
without lymphocytes; viability was 
mote than 98%. The purity and viabil- 
ity of eosinophils was established us- 
ing Randolf staining and trypan blue 
dye exclusion, respectively. Ten or 
twenty microlitres of FITC-conjugated 
^bs against CD9. CD25. CD54 
CD69 VLA-4 and phycoerythnn 
(PE)-conjugated mAbs against HLA- 
DR CD4 and isotype-matched ¥11^- 
or PE-conjugated mouse IgGl mAbs 
were reacted witii PB eosinophils (5 X 
10'/50 M-L) for 30 minutes at 4 C. pe- 
ripheral blood eosinophils were 
washed twice witii PBS contammg 1% 
inactivated FCS at 300 g for 10 mm- 
utes. The cells were resuspended m 
PBS containing 1% inacUvated FCi>. 
Gated area by forward Ught scattenng 
and side light scattering confirmed the 
presence of eosinophils using anti. 
CD9 and anti-VLA-4 mAbs by flow 
cytometry (FACScan. Becton Dickin- 
son). Surface analysis was then per- 
formed as reported previously. 
Immunoglobulin Assay by EUSA 
Peripheral blood mononuclear cells 
were culwred with 50 ng^mL of IL-4 
and 1 f^g/niL of ^^f^J^,^^^^ 
final ceU density of 0.125 to 2 x 
iJ'mLin a volumeof 200 mI^.^/o^ 
12 to 14 days at 37»C in a humidified 
atmosphere with 5% CO.. Highly pu^ 
rifled peripheral blood B ceUs (0.5 to 
7 X l05/mL) were also cultured with 
or without his E+ cells (50% of pun- 
ned B cells. 0.25 tolXlO'/mU.-nie 
cultured supematants were harvested, 
and the supematants and the staiidard 
human IgE (Chemicon Intemauonal 
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Inc, Tem««:ula. CA. USA) were added 
,0 human IgEinAbs(CIA-E-7.12 and 

aA-E-4.15. kindly provided by A. 
Saxon, Division of Clinical ImmmcA- 
ogy/AUergy. UCLA School of Medv- 
chie. Los Angeles, CA) and applied to 

96 well flat ELISA plates (Nunc 
Roskilde, Denmark). After overnight 
culture at 4''C. the supematants were 
discarded and the wells were washed 
with 0.05% tween 20 in phosphate 
buffered saline (PBS); alkaline phos- 
phatase-labeled goat anti-hunian IgE 
(Sigma Chemical Co. St. Lo«^. ^0) 
was then added at a dUution of 1/5.000. 
After 2 hours incubation .nt room tem- 
peranire. color detection was per- 
formed using 3-(cyclohexylanimo)-l- 
propanesulfonic acid (CAPS) buffer 
containing p-nitrophenyl phosphate 
(pNPP) (Sigma). Calibration was per- 
formed with PBS at standard zero lev- 
els. All experiments were performed in 
duplicate. The minimum m£«isurabie 
amountofIgEis8ng/mL.'- 

RESULTS 

Cytokine and Chemokine 
Measurements 

To clarify the mechanism of the eosm- 
ophilia and extremely high leveh of 
sei-um IgE. we initially examined se- 
rum concentrations of several cylo- 
kines which affect eosinophiha or IgE 
synthesis. The level of .yNP-a m se- 
rum was 21 pg/mL, while IL-3. 
IL-5. and GM-CSF could not be de- 
tected. The levels of MCP-3 and RAN- 
TES were 0.8 ng/niL and 28.5 ng/mL, 
respectively. These levels were wiOun 
the range of normal subjects (MCP-3. 
U±05ng/mL;RANTES27.8±4.6 

ng/mL). 



Surface Analysis of Eosinophils 
To confirm the presence of eosinophils 
antibodies against CD9 and VLA-4 
were used for cytometric analysis. 
CD9 and VLA-4 were expressed on 
the cells in the gated area, showing 
the.se cells were eosinophils (Fig la). It 
was reported previously *at CD4, 
OT25. HLA-DR, CD54 and CD69 do 
not express on eosinophils of nomia^ 
subjects. As shown in Figures la and 
bX profiles of CD25 (30%). CD69 



(13%). CD4 (13%), and HLA-DR 
35%) but not CD54 were signifi- 
cantly different from those of isotype 
matched control, deiTionstrating them 
to be newly expressed antigens on the 
Lnophils'cD25.CD69.CD4.CD54 

and HLA-DR on a nonnal subject s 
eosinophils were not detected in paral- 
lel analysis. 

Spontaneous IgE Production 
Since the patient's serum contained ex- 
tremely high levels of IgE. we thor- 
oughly investigated IgE production. 
L shown in Figure 2, PBMNCs ob- 
tained from the patient produced high 
levels of IgE in a cell number depen- 
dent fashion without any stimulation. 
In contrast, PBMNCs obtained froin 
normal subjects produced low levels of 
IgE with E.-4 plus ami-CD40 inAb 
stimulation (n = 10). whereas no IgE 
production (<8 ng/mL) was'recog- 
^ in medium alone or IL4 alone 
(Fig 2). Interestingly, the addiuon of 
IL-4 or IL-4 plas anti-CD40 mAb did 
not enhance IgE secretion compared 
with medium alone in the patient, m- 
dicating spontaneous producuon of 
loE by his PBMNCs. We proceeded to 
examine IgE production by using 
hichly purified B cells from the pa- 
tient's peripheral blood. As shown m 
Figure 3. liighly purified B cells pro- 
duced high levels of IgE in a cell num- 
ber dependent fashion; this production 
was not affected by the addiUon of 
lL-4 or IL-4 plus anti-CD40 mAb (data 
not shown). Furthermore, IgE produc- 
tion was not enhanced by the additton 
of T cells obtained from the patient 
into purified B cells. Purified B cells 
obtamed from normal subjects showed 
low levels of IgE production with IL-4 
plus CD40 signaling (punfied B cells 
1 X 10^/well: 10 ± 2 ng/tnU 2 X 
104/well:16±7ng/mL;4XlO*/well 

21 ± 9 ng/mL. n = 5). but no IgE 
production with medium alone (Fig 3) 
or IL4 alone (data not shown). These 
data demonstrate that B cells from the 
patient spontaneously produced IgE. 



DISCUSSION . 

Hyper-IgE syndrome is characterized 
by an immunodeficiency disea.se which 



causes frequent staphylococcal ab- 
scesses. persi.stent eczematoid rashes, 
and extreme elevations of IgE in se- 
rum. Several observations such as er- 
vthema, positive acid fast staining, eo- 
sinophilia. high level of IgE in scrum 
of the patient were similar to previous 
reports.'*'" Recently, it was repoited 
that hyper-IgE syndrome is mi autos()- 
mal dominant multisystem disorder, 
however the patient's family shows no 
features of the hyper-IgE syndrome. 

Eosinophiha is observed in various 
diseases such as bronchial asthma, hel- 
minthic infection.'* hyper-IgE syn- 
drome'*-'' and in IL-2 admimstrauon. 
Lrleukin-3. lL-5. and GM-CSF j^e 
active in stimulating eosmophilopoi- 
esis' Interleukin-5 iransgemc mice 
have developed massive, life-long eo- 
sittophilia,^" suggesting U-S would be 
involved in a candidate mechanism for 
explaining hypereosinophUia; how- 
ever, these cytokines were not detected 
in the patient's serum. The mecha- 
nisms of eosinophilia were not clear in 
this patient, suggesting other eosimv 
philic factor(s) were involved. 

It is reported that numerous surface 
antigens are constitutively expres.sed 
on human eosinophils.' Hypodense eo- 
sinophils exhibit various morphologic 
changes such as cytoplasmic vacuol- 
ization, alterations in granules of major 
basic protein-containing cores or ma- 
trix " These morphologic changes are 
well correlated with activated eosino- 
Phils induced by cytokines' (IL-3. ILO 
and GM-CSF) stimulation m vitro. 
There are several reports concerning 
newly expressed antigens if^ ^anety 
of diseases. Expression of CD4 and 
CD25 on PB eosinophils was reported 
in hypereosinophilic syndrome (Hbb). 
helminth infection, and melanorna or 
renal cell carcinoma tteated with IL- 
2 CD69 expression on PB and 
bnmchoalveolar lavage fluid (BALF) 
eosinophils was reported m "Si> ma 
helminth infection.^ These findings 
suggest that activated heterogenous eo- 
sinophils are present in various eosin- 
ophilic disorders. In this case CD4. 
CD25, CD69 and HLA-DR. but not 
CD54. are expressed on eosmophils. 
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The reason is unclear, however the in- 
teraction of cytokines and chemokine^ 
may be involved in expression of eo- 
sinophil surface antigens. 

Ig^E production of B cells '^^^4 
lated by cytokines such as 
n .13 and direct contact between 
Bahd helper Tcells"-"" i" which 



CD40/CD154 interaction plays a key 
role in IgE synthesis Although « is 
known that lL-4 has a potent function 
in the production of IgE IL-4 alone 
induced germline c uanscripts, but not 
IgE production. Since our patient's B 
cells produced TgE spontaneously, we 
investigated germline e transcripts us- 



ing the patient's E-cells without stim- 
uU; however, germline e transcripts 
were not observed (data not shown). 
There is a possibUity that, to our regret, 
we could not obtain enough B cells. 
EB virus-transformed B cell lines es- 
tablished from the patient also pro- 
duced IgE spontaneously at first, t)ut 
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Anti-inflammatory activtty of nenre growth factor 
Eur. J. Immunol. 2001 . 3t; 1 1 -22 

Anti-inflammatory activity of nerve gro^^^ f^^^^^ m 

experimental autoimmune ^^^^f^^^'T^^^^^ 
inhibition of monocyte transendothel.al migration 

: gJaSS^S^C U^^^^ Basel. Bas^. Sw^zerland 
.nor^ertoan^vzeaputativei— d.^^^^^ 

encephalomyelitis (EAE) of the we ^LnGF cells secreted 

CD4* T cells with a recombinant -^^^o^'^f J,"??^^^^ ^^^ine pattern. Transfer studies 

high levels of NGF. ^ong with ^ ""J^^^J^^Itr^^VEA^^^ transferred alone, 
showed that WNGFce^^s were unable to^^^ ^ ^ ^ 

and. mo,^ important, they efficiently ^-J^^^-^^, ^GF transduced ovalbumin- 
transduced MBP-specfic TjeJ^ OW ^^^^^^^ 

specific T cells, which ^^^f ^'^.'^'S^^fl'!^! L^^^^^ a general reduction of inflammatory 
of clinical EAE by TmbpNGF cells ^^^Pj^^f^^ the monocyte/macrophage compo- 
CNS infiltrates, with a most pronounced decre^e ^ ^^^^^ that NGF 

r,ent. Using a culture model of the j^^^^^^ Interfering with 

ble mechanism of NGF action. 

Kev words- Nerve gn^wth factor / Experimental autoimmune encephalomyelHis / Gene- 
Sn^d T cen / Gene therapy / Monocyte migration 
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1 Introduction 

The neurotrophins, a family of related polypeptid^ 
Twch include nerve growth ^-^^^ l^^^^'^^T^ 
neurotrophic factor (BDNF). ne"«'*™P^'":^^f^2n^'2 
neurotrophin-4/5 (NT-4/5). exhibit a remark^'e range °f 
biologic^ activities. Apart from controlling developmen . 
differentiation, and functional plasticity of neuro^ [1 . ^ 
neurotrophins are also involved in the regulation of 
Inflammatory and immune responses [3]. 

Recently we demonstrated that NGF released by neu- 
SJsuppresses the inducibility of MHC class II in m.cro- 

[121170] 

The first two authors contributed equally to this worte 
Ahhrewiations- BBB: Blood brain banier CNS: Ceiitral ner- 
Abbreviations. ODD. Experimental autoimmune 

NGF: Nerve growth factor 
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glial cells, and thus may interfere with immune respon- 
siveness in the CNS 14]. In addition, there 'S 'ncreas^ng 
evidence that the factor can influence mmune 

Cnses in the periphery. '-<-^-^-'-^'^r'^^TT^ 
and differentiation of B 15-7]. and possibly T cells [8^1. 
NGF is also reported to stimulate memory B ««s 

immune responses [5. 10. 11]- Recent stud^s ^^ 
1; demonstrated that NGF could incjrec«y modulate 
inflammation by regulating pain reactivity [12, 13]. 

While the role of NGF in inflammatory responses is still 
Completely understood, it appears that it functions ^ 
rant'inflammatory agent in T cell-mediated dise^e^^ 
a hind-paw edema test. NGF was shown to decrease 
nflmatory edema fom^ation H 4]. Then^l^^ J^^^J 
from genetically modified neuritogenic T lymphocytes 
dSS reduLd inflammatory cell infiftration ,n exper- 
imental autoimmune neuritis (EAN) of the Lew-s rat] 
Further. NGF administrated intracerebroventncularty irto 
marmosets delayed onset of EAE and interfered wrth the 
fonnation of CNS lesions [16]. 

001 4-2980/01/01 01 -1 1 $1 7.50+ .50/0 
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We now report that NGF released from geneUcally engi- 
neered T cells profoundly mitigates T cell-mediated 
autoimmune inflammation in the CNS. In vivo, 
transgene-derived NGF reduces inflammatory CNS infil- 
tration, especially of monocytes and macrophages. In 
vitro results indicate that NGF acts on brain microvascu- 
lar endothelial cells blocking transmigration of inflamma- 
tory cells. 



2 Results 

2.1 NGF production by autoreactive MBP- 
specific T cells 

EUSA screening of activated antigen-specific CD4*, 
TCR-a/B* T cell lines (TCL) isolated from primed Lewis 
rats following established protocols [17, 18] revealed 
that wild-type TCL secrete low. but consistent amounts 
of NGF (<20 pg/m!) in addition to typical Thl-like cyto- 
kines (Fig. 1). 

We over-expressed NGF in T cell lines by infecting anti- 
gen primed T cells with recombinant retrovirus encoding 
the NGF gene. As described previously, the transduction 
of TCL did not affect cytokine production (Fig. 1). antigen 
reactivity and TCR usage [19]. However, the retrovirally 
transduced TCL released NGF-levels 10-15-fold higher 
than the wild-type TCL (Fig. 1). In addition, using confo- 
cal laser scanning microscopy we were able to visualize 
enhanced NGF levels in the cytoplasma of the modified 
cells (Fig. 2). 



Eur. J. Immunol. 2001 . 37: 1 1 -22 

2J2 Suppression of T cell-mediated EAE by co- 
transfer of NGF-transduced CNS antigen- 
specific T cells 

We examined the possible immunosuppressive effect of 
NGF-engineered. MBP-specific T cells (TmbpNGF cells) 
using a classical T cell transfer model of EAE (tEAE). As 
expected, i.p. injection of wild-type MBP T ^Is 
(T^Bpcells) mediated the clinical hallmarks of transfer EAt 
(tEAE). characterized by ascendent paresis, unnary 
incontinence and weight loss (Fig. 3). In contrast. 
TmbpNGF cells induced no or very mild clinical neurologi- 
cal disease and weight loss. Moreover, co-injection of 
T NGF cells suppressed the clinical symptoms of EAE 
elicited by wild-type TMSPcells (Fig. 3). Specifically, rats 
injected with 2x1 0« wild-type T cells alone resulted m the 
clinical score 3 (complete hind limb paralysis), while ani- 
mals co-injected with 2x1tf wild-type MBP T cells plus 
2x1 0« TuBpNGF cells developed no or minor clinical 
symptoms, rarely reaching score 1 (Fig. 3A). Ukewise. 
rats injected with wild-type plus NGF engineered T cells 
lost little, if any, weight. This protective effect of TmbpNGF 
was maintained throughout the clinical disease course 
and into the recovery phase of tEAE (Fig. 3A). 

Importantly, only MBP-specific. NGF-transduced T cell 
lines had a suppressive potential in tEAE. Ovalbumin- 
specific. NGF-engineered T cells {TovaNGF cells) did not 
influence the clinical course of tEAE evoked by wild-type 
MBP-reactive T cells. TovaNGF cells interfered at no 
stage with the development of tEAE (Fig. 3B). 



2.3 NGF-transduced T cells reduce numbers of 
monocytes/macrophages and MHO class II- 
positive cells In EAE lesions 

The protective effect of TmbpNGF cells was further exam- 
ined by histology. Five days after transfer of wild-type 
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TmbpCcIIs. the recipients showed typical histopathology 
of tEAE Transfer of engineered TmbpNGF cells alone pro- 
duced no or very mild CNS inflammation. Combined 
transfer of wild-type plus T„bpNGF cells substantiajy 
diminished the inflammatory response in the CNS. The 
number of MHC class ll-positive cells in the CNS of all 
animals, which had received TmbpNGF cells was reduced 
from 490 (+ 122 SD) in rats treated with wild-type Tmbp 
cells to 52 (+ 43 SD) in rats co-injected with Tmbp cells 
and TmbpNGF cells (Table 1). Moreover, quantification of 
spinal cord sections for EOr monocytes/macrophages 
and W3/13* T cells revealed that suppression of CNS 
inflammation was strongly biased in favor of the mono- 
cyte/macrophage population increasing the T cell/mac- 
lophage ratio from 0.8 (group of 1 .5x1 0« Tmbp cells) to 2 2 
(group of 1.5x10^ Tmbp cells co-injected with 1.5x10 
TmbpNGF cells) in the residue infiltrates (Table 1). 



2.4 Expression of NGF receptors on monocytes 

To study the therapeutic NGF effect on CNS infiltrating, 
blood-derived monocytes/macrophages, we first deter- 
mined the expression of both high (trkA) and low affinity 
(p75) NGF receptors by RT-PCR (Fig. 4A). PCR amplifi- 
cation of monocyte cDNA yielded a single band of the 
size (353 bp) expected for pTS"™ mRNA. The Identity of 
the PCR product was confirmed by direct sequencing. In 
contrast, no trkA-specific mRNA was amplified In our 
monocyte preparations after 35 cycles PCR. indicating 
no or very low expression as compared to dorsal root 
ganglion (DRG) neurons as a positive control. Expression 
of p75^ in monocytes was confirmed on protein level 
by immunofluorescence staining and flow cytometry 
(Fig 4B). The purified monocytes identified with the mAb 
0X42 were intensely stained with a mouse mAb directed 
against rat p75'^. 
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23 NGF inhibition of monocyte migraton 
through TNF-activated brain endothelial 
cell monolayer 

Functional effects of NGF on 1°" .^'f 
anatyzed in an in vitro model of the endothelial blood- 
brain barrier (BBB) ^'9- 5)- Brain microvascular endothe- 
lium from adult Uwis rats was cul^-;^ « 
chamber system. The purity of the endotheha^ cell cul- 
tuTes was over 95% by immunofluorescence sta.n,ng or 
actor Vlll-like antigen [20]. The endothelial cel^ u^ for 
transmigration assay after the first passage sh^^ «ie 
typically elongated spindle lilce appearance oneniom 
Z whoris (Fig. 5A). In these cultures, transendothel-al 



Ro 3 TmbpNGF cells, but not Tc^^NGF cells suppress dis- 
eSe induced by wild-type Tmbp cells. Weight course .n rela- 
iZ xodav 0 (cun/es. second y-axis) and clinical score (b^; 
fiS y-axl) were analyzed daily following 'ntraperrtoneal 
SSn Jerof T cells. Each value represents the mean and st^_ 
Station of at leastthreeanlmals^veto^^^^^^^^ 
symptoms following transfer of: (A) 2xltf Tmbp cells (blue tn 
S'es and bars). 2x10^ T„epNGF cells °f ^^^J 

bare) and 2xltfT„8P cells co-injected with 2x10 TjjbpNGF 
squaresl^id bars). The ameliorating effect o 
CNS^celLan be observed throughout the entire clin^ 
Surse of EAE. P) 2x10« T^ cells ^ue tnans'es and b«s^ 
and 2x10^ T„BP cells co-injected with 2x10 T^aNQF cells 
(orange circles and bars). 
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Rn 4 (A) NGF receptor expression in rat blood monocytes. 
SafRNA related from high^ purified monocytes was 
Jierse-transcribed and PCR-amplifled (35 cycles) us.^ 
Jmers specific for pyS- and trkA. RNA extracted from rat 
& root ganglia cultures pRG) sen/ed as posrtive contro^. 
?c^re^ctions lacking cDNA sen,ed as n^Sf ^ 
(Neg. Control). PCR amplication (30 cycM of GAPDH 
Ur^ed as control for RNA input and ^^f^^'^.^'^^ 
analysis demonstrated gene transcript for the p75 m rert 
Tnocytes. In contrast, no trkA mRNA was detected -n ttj 
monoqje preparation. DNA molecular s'^e marken*X174^ 
Hae HI digest. (B) p75"™ protein expression by rat Penphera^ 
Elood monocyti isolated monocytes were incuba ed wrth 
mouse irat pis'- mAb (closed cun^e) or control mouse 
rgG(?p^cun,e)followedbyfluorescein-coni^^^^^^ 
«rtib«^ These purified cells were also stained wrth 0X42 
^IfararkerLmonocytes (Closed cun,e)^Punf^^^ 
were positive for 0X42 and they also expressed p75 . 
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0.01 (0.01) 
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electrical resistance.amarker for cor,fluer.q/^d^the^ 
mation of tight junctions, usually reached 30 Q/cm . 

Activation of brain vascular endothelial cells with 10 ng/ 
n,7TNF-a for 24 h induced VCAM-1 and ICAM-1 expres- 
sion and significantly promoted the transmigration of 
monocytes (Fig. 5C). 

-me effect of NGF on monocyte migration through TNF- 
a-activated brain endothelial cell monolayer was exam- 
TnS by pre-treating monocytes and endothehal ceHs 
reoarately Pretreatment of monocytes with 100 ng/ml 
NGF resulted in sustained inhibition of their migratory 
capacity (Fig.SC). The transmigration through acti- 
vated endothelial cell monolayers was reduced frorn 

10.4±0.7% (mean ± SD) in ^'^^^^ "^°^Zrl 
4 4±0.8% in monocytes pretreated with 100 ng/ml NGF 
(Fig.5C). NGF reduced monocyte "Migration through 
TNF-a-activated but not through resting endothelial cell 
monolayers (Fig. 5C). NGF affected monocytern.grat.on 
even at a concentration of 1 ng/ml (Fig. 6A). Th.s .nh.b.- 
tory effect on monocyte function was revereed by neu- 
Jzing the neurotrophin with NGF-spec.fic ant^ody 
pretreatment (Fig. 6B). NGF-pretreaftrierrt of bram endo- 
thelium (resting or TNF-a-activated) d.d not modulate 
monocyte transmigration (data not shown). 

To confirm that the NGF effect on monj^e transendo- 
thelial migration was mediated via P^^^olS^el 
blocking antisera binding to an e'^^'^f P^!^. 
tope [211. Pretreatment of rat monocytes wrth th^ anta- 
075-^ antisenjm completely neutralized the .nh.b.tory 
effect of NGF on monocyte migration through TNF-a- 
activated endothelial cell monolayers (F.g. 6C). 



3 Discussion 

immune reactivity in the CNS milieu is generally lower 
L in other tissues. One factor that contnbut^to thj 
immune privilege is the lack of locally expressed MHO 
ZZZs, L a prerequisite for antigen p.^entat.oa 
rSI! we identified NGF mediating a suppress.ve 
effect on the IFN-v-dependent induction of MHC expr^ 
sion in the CNS [4]. The results presented here confirrn 
me immunosuppressive potenti^ of NGF /n and 
reveal a second mechanism of immune modulation. We 
show that NGF can prevent migrant monocyte or rnacro- 
phages from crossing the BBB and thus .nh.brts tine for- 
mation of pathogenic inflammatory infiltrates. 

Our in vivo experiments were based on a retroviral gene 
transfer strategy involving co-culturo of '"ye"" P"";^^ J 
cells with autoantigen. vinis-producing P^ckag ng ceH 
lines andaselecting antibiotic. The surv.v.ngTcells were 

efficiently transduced (> 99%) [19] and the transgene 
:!:pression was artivation dependent, wr^^ 
CD4* T cells produce significant amounts of NGF [8] and 
other neurotS)phins [22. 23]. T.bpNGF cells produced 
10-15-fold higher levels of NGF tiian the vviW type jnd 
fourfold higher levels than resting transduced T ceHs (not 
shown). It is important to note that NGF tiansduction ne- 
ther interfered with antigen reactivity and specrf-cty. nor 
did it change the CD4\ apT cell receptor P^enotype and 
Thi-like cytokine profile. NGF transduced and non- 
transduced T cells both expressed high amounts of IFN- 
V and low amounts for IL-4 (Fig.1). Transduction of 
MBP-reactive T cells witti a different neurottophic agent. 
GDNF. did not change the EAE inducibility and seventy 
of the disease (unpublished observations). Thedatacon- 

fimi our previous observations with green fluorescent 
pSein-transduced T cells, showing that the transduc- 
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F/g 5 (A) The brain endothelial celis on the microporous 
membrane show typical elongated spindle like appearance 
that made a whorl fomnatlon. Giemsa staining. Scale bar: 
50 ^m. (B) Two chamber transendothelium migration sys- 
tem (C) Characterization of rat monocyte migration through 
resting versus TNF-a-activated brain endothelial cell mono- 
layer. The brain endothelial cells were incubated in the 
medium alone (con) or in the presence of 1 0 ng/ml of TNF-a 
fTNF) for 24 h. Monocytes (4x10^ were put into the upper 
chamber and migration of these cells were assessed after 
12 h. Pretreatment of the brain endothelial cell monolayer 
with TNF-a resulted in a significant enhancement in the 
migration of monocytes. NGF attenuates the migration of 
monocytes through TNF-a-activated brain endothelial cell 
monolayer. Monocytes were incubated in the medium atone 
or In the presence of 100 ng/ml of NGF for 4 h and put onto 
the upper chamber (NGF 100). Pretreatment of monocytes 
with NGF down-modulated their migration through TNF-a- 
activated brain endothelial cell monolayer. Data are 
expressed as the mean ± SD of the percent migration calcu- 
lated from triplicate wells. 

tion procedure does not interfere with the encephalito- 
genie potential of T cells [19], 

NGF transduction of MBP-specific T cells profoundly 
curtailed their encephalitogenic potential, and moreover. 
NGF overproduction suppressed the pathogenic activity 
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Fig 6. (A) Monocytes were pretreated for 4 h with the indi- 
cated concentrations of NGF The reduction of NGF-treated 
monocyte migration was apparent at NGF concentration of 
1 ng/ml or higher. Data are expressed as the mean ± SD of 
the percent migration calculated from triplicate wells. (B) 
Neutralization of NGF with specific antibodies (Anti-NGF) 
reversed the inhibitory effect of NGF (100 ng/ml) on mono- 
cyte transendothelium migration, (nt): non-treated mono- 
cytes Data are expressed as the mean ± SD of the percent 
migration calculated from triplicate wells. (C) NGFmodu- 
lates monocyte transendothelial migration via ip75 . Pun- 
fied monocytes were treated with anti- p75 «™ antiserum 
(Anti-p75) for 1 h and subsequently incubated with 100 ng/ 
mi of NGF for 4 h. The attenuation of the monocyte migra- 
tion through TNF-a-activated brain endothelial cell mono- 
layer by NGF was blocked by pretreatment of those mono- 
cytes with anti-p75^ antisemm. (nt): non-treated mono- 
cytes. Data are expressed as the mean ± SD of the percent 
migration calculated from triplicate wells. 

of co-transferred MBP-specific wild-type T cells. Using 
NGF-engineered P2 protein-specific T cells comparable 
observations were made in an experimental autoimmune 
neuritis model [15]. 
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Our present results suggest locally deposited NGF rather 
than a systemic effect being responsible for the anti- 
inflammatory capabilities of this neurotrophin: First, 
comparing two transduced T cell lines secreting compa- 
rable amounts of transgenic NGF we found that only 
MBP-specific. but not ovalbumin-speciftc transduced T 
lymphocytes mediated suppression of EAE. Secondly, 
soluble NGF titers in the blood were not significantly ele- 
vated in rats after transfer of TmbpNGF cells compared to 
wild-type T cells (unpublished observations). Thlrdl5^ 
NGF-mediated immune deviation of encephalitogenic T 
cells is not a probable mechanism, since transduction 
did not demonstrably alter the Th1-like phenotype of 
MBP-specific T cells. Recently, evidence has been pre- 
sented that stereotactic application of NGF to myelin oli- 
godendrocyte glycoprotein (MOG) -immunized marmo- 
sets delays clinical disease and reduces EAE pathology 
[16] Immunohistochemical analysis in this study show- 
ing reduced IFN-v and increased IL-10 staining in EAE 
lesions was interpreted as NGF-induced cytokine shift in 
T cell response. In contrast, our study is based on NGF- 
producing TH1 T cells as biological shuttle and cleariy 
. favors a different modulatory NGF mechanism. 

TmbpNGF cells drastically reduced the number of inflam- 
matory cells crossing the endothelial BBB with a particu- 
lar decrease of activated macrophages. Interestingly, the 
number of activated macrophages is associated with the 
clinical severity of T cell mediated EAE [24], and deple- 
tion of macrophages profoundly reduces inducibility of 
EAE [25, 26]. 

TmbpNGF cells could interfere in several ways with infiltra- 
tion of activated monocytes/macrophages. Complete 
antigen activation of encephalitogenic T cells in situ 
could be prevented by the NGF-dependent suppression 
of MHO induction [4]. As a consequence, T cell activation 
Induced chemokines or cytokines mediating monocyte/ 
macrophage recruitment could be insufficiently pro- 
duced or absent. Indeed, we found strongly reduced 
numbers of MHO class ll-expressing cells in spinal cords 
of animals which had received TmbpNGF cells (Table 1). 
The low MHO molecule expression could, however, well 
be explained by the strong decrease in monocyte/mac- 
rophage infiltration. Alternatively (or in addition) NGF 
could act either on BBB endothelial cells or directly on 
the recruitable inflammatory cells. Our in vitro data sup- 
port this later assumption. 

The effect of NGF on BBB migration was analyzed using 
an in vitro migration assay consisting of a monolayer of 
brain endothelium separating two chambers [27]. The 
endothelial cells, which were derived from highly pun- 
fied primary brain microvascular cultures, showed all 
moi^hological and functional features {e.g.. intercellular 
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electric resistance) characteristic of specialized BBB- 
derived endothelium [28]. The endothelia were activated 
with TNF-a to simulate the state of activation seen in 
inflammatory brain lesions [29, 30]. 

We found that NGF acted on the migrant monocytes, but 
not on the endothelial cells. The anti-migratory effect of 
NGF on monocytes was limited to their passage through 
TNF-a-activated brain endothelial cell monolayer, and 
was not seen writh resting endothelia. In contrast, no 
essential effect of NGF on T cell transmigration through 
resting or TNF-a-activated endothelium was observed 
(data not shown). 

NGF acts on cellular targets by binding to two distinct 
sets of specific membrane receptors, the high affinity 
tri<A and the low-affinity p75 neurotrophin receptor. The 
p75 receptor, a member of the TNF receptor family [31], 
is expressed in many cell types of the CNS and PNS. as 
well as in many non-neural tissues [32]. Neurotrophin 
receptor expression in monocytes is still controversial. 
There are reports describing either expression of trkA in 
macrophages/monocytes [33], or p75 [34]. In human 
monocytes an activationKlependent fluctuation between 
p75 and trkA has been reported [35, 36]. 

Examining highly purified rat blood monocytes by RT- 
PCR. we found only p75'™ mRNA, but no detectable 
levels of tri<A mRNA. The expression of p75'^ protein 
was confirmed by cytofluorometry analysis of punfied 
monocytes. Blocking tyrosine kinase activity of the tri<A 
receptor with K252a did not interfere with the inhibitory 
activity of NGF on transendothelium migration of mono- 
cytes. Furthermore, the use of a blocking anti-p75 
antisemm finally corroborated that direct activation of 
p75NTB was responsible for reducing monocyte transmi- 
gration. 

In conclusion, our data demonstrate a new immunoregu- 
latory function of NGF, down-regulating autoimmune T 
cell responses by reducing recruitment of accessory 
macrophages into the inflammatory lesion. Based on 
these results, cell therapy with NGF-transduced T cells 
might provide a valid therapeutic approach for MS. 

4 Materials and methods 
4.1 Reagents 

NGF was purchased fl-om Sigma (NGF-7S, Munich, Ger- 
many). Human recombinant TNF-a was a product of Bio- 
zol (Eching. Germany). mAb 0X42 to rat monocyte/mac- 
rophage antigen (Mac-1 or CR3 complement receptor) 
was purchased from Dianova (Hamburg. Germany). mAb 
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to rat low affinity NGF-receptor (clone 192) was pur- 
chased from Roche Diagnostics {Mannheim. Germany). 
Isotype control antibodies (lgG1 and lgG2a) for flow 
cytometry were obtained from Becton Dickinson (Heidel- 
berg. Gemiany). Antiserum directed against the p75 neu- 
rotrophin receptor (9651). was generously suppl'ed by 
M V Chao. Cornell University. NY. Mouse monoclonal 
anti-CD4 and T cell receptor antibodies were obtained 
from PharMingen (Hamburg, Germany). 



4.2 Production of T cell lines 

MBP- and OVA-specific T lymphocytes were generated 
from Lewis rats after subcutaneous immunization with 
150 ixg guinea pig MBP or chicken egg ovalbumin 
(Sigma, Germany) emulsified in complete Freund s adju- 
vant containing 4mg/ml Mycobacferium tabereutos/s 
(Statens Semminstitut. Copenhagen. Denmark). Myelin 
basic protein (MBP) was purified from guinea pig brain 
using the protocol of Eyiar and colleagues [37]. Inbred 
Lewis rats 6-8 weeks of age were obtained from the ani- 
mal breeding facility of the Max-Planck-Institute of Bio- 
chemistry (Martinsried. Gemiany) and were cared for in 
accordance with all institutional guidelines. Ten days 
after immunization, ceils were isolated from the draining 
popliteal and inguinal lymph nodes and cultured foHow- 
ing a modified limiting dilution technique [18). In bnet 
2x10= cells/well were cultured in the presence of 10 \ig/ 
ml antigen in round-bottom 96-well plates (Nunc. Wies- 
baden. Germany) for 3 days and propagated for another 
6-8 days in IL-2 conditioned medium. For restimulation 
theT cells were co-cultured with 1x10» irradiated (50 Gy) 
syngeneic thymocytes/well as antigen presentirig cells 
(APC). Further amplification of the T cells was performed 
as described (Ben-Nun et al. [17]). 



4.3 Retroviral transduction of CD4* T cells 

The retroviral vector encoding the NGF gene and the 
packaging line producing replication-deficient NGF 
viruses were a kind gift from R. Kramer (Max-Planck- 
Institute for Neurobiology, Martinsried-Planegg). The 
NGF cDNA was cloned into the retroviral vector pLXSN 
[38] As packaging cells the ecotropic packaging line 
GP+E 86 [39] was used. Transduction of lymphocytes 
was performed as described elsewhere [19]. In brief, 
GP+E 86 packaging cells producing replication deficient 
retrovirus (approx. 1x10'CFU/mO were seeded in 96-well 
Diates (10*/plate). Lymphocytes harvested from immu- 
nized animals were added to the wells (1 xltf/well). After 
3 days of antigen stimulation, the T lymphocyte blasts 
were expanded in IL-2 containing growth medium. 
Selection with G418 (0.4 mg/ml) was started after 3 more 
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days in culture in the presence of lL-2 conditioned 
medium and maintained during subsequent restimula- 
tions. Neurotrophin and cytokine expression of the trans- 
duced TCL was controlled by NGF-EUSA (Roche Molec- 
ular Biochemicals, Mannheim. Germany). IFN-y-EUSA 
and IL-4-ELISA (Biosource, Camarillo, USA). 



4.4 Immunohistochemistiy for NGF 

Cytospin preparations of freshly activated MBP-specmc 
T cell lines were fixed in 4% parafomnaldehyde. After 
blocking unspecific binding sites with 2% goat serum 
and 2% BSA in PBS, cells were incubated with mouse 
mAb directed against NGF (1 ng/ml. Roche. Mannheim. 
Germany). To detemnine background labeling, cells were 
incubated with mouse isotype control antibodies (1 |ig/ 
ml Becton Dickinson). Cells were then incubated with 
fluorochrome Cy3-conjugated polyclonal goat anti- 
bodies directed against mouse immunoglobulin (10 »ig/ 
ml Dianova. Hamburg). Cells were sequentially double 
labeled with fluorochrome FfTC-conjugated antibodies 
directed against rat CD4 (5 ^g/ml. PharMingen). Images 
were scanned with confocal laser scanning microscopy 
(Leica) equipped with a 63 x oil objective. 



4.5 EAE induction and histological analysis 

Passive transfer EAE in animals was induced by intraper- 
itoneal injection of encephalitogenic T lymphocytes. 
Weight and clinical score of the animals were observed 
and detemiined once every day. Evaluation of clinical 
disease after EAE induction was graded in 5 scores: 0.5: 
loss of tail tonus. 1: tail paralysis, 2: gait disturbance. 3: 
hind limb paralysis, 4: tetraparesis. 5: death. 

For histological analysis of CNS tissue, animals were 
perfused with PBS/4% paraformaldehyde (PFA) under 
deep anesthesia. Isolated brain and spinal cord was then 
post-fixed in 4% PFA at 4'C overnight followed by 
embedding in paraffin. Sections (3 |un) were mounted on 
gelatinized slides, stained with hematoxylin/eosin or 
subjected to immunohistochemistiy. W3/13 (recognizing 
T cells) and EDI (recognizing monocytes/macrophages) 
were obtained from Dako (Glostrup. Denmari^), 0X6 (rec- 
ognizing MHC class II) was obtained from Serotek 
(Oxford GB). The antibodies were diluted in PBS con- 
taining 10% fetal calf serum (FCS) in the following dilu- 
tion- ED-1 (1:500), W3/13 (1:500), 0X6 (1:150). Bound 
primary antibodies were visualized with a biotin - avidm 
technique as described before [40]. 
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4.6 Quantitative evaluation 

The global inflammatory response in the spinal cord was 
detemiined in hematoxylin/eosin stained sections by 
counting the number of perivascular inflammatory infil- 
trates in an average of ten complete spinal cord cross 
sections from all levels of the cord. Values in Table 1 rep- 
resent the average numbers of infiltrates by spinal cord 
cross sections. Immunostained T cells (W3/13), macro- 
phages (ED1). and MHC class II (0X6) expressing cells 
were counted on three randomly selected complete spi- 
nal cord cross sections from the lower thoracic level. The 
section area was determined by overtaying the respec- 
tive sections with a morphometrical grid. The values for 
the density of W3/13, ED1. and 0X6 positive cells are 
given in cells/mm^. 

4.7 Monocyte purification 

Peripheral blood monocytes were isolated by EDTA- 
reversible attachment to autologous semm-coated plas- 
tic surface [41]. Heparinized blood was taken by cardiac 
puncture from adult Lewis strain. Peripheral blood 
mononuclear cells were isolated by density gradient 
fractionation using Ficoll-Metrizoate solution (23 parts of 
9% Ficoll 400. Pharmacia, Uppsala, Sweden, to 10 parts 
of 32.8% Sodium Metrizoate, Nycomed, Oslo, Nonway). 
TheJnterface cells were harvested, washed twice at 
100 X g and 4°C for removing platelets and resuspended 
in DMEM medium (Gibco BRL. Beriin, Germany) supple- 
mented with, 10% fetal calf serum (PanSystems. 
Nurnberg. Germany), 1% penicillin-streptomycin. 1% L- 
glutamine. 1% nonessential amino acids. 1% sodium 
pymvate and 1 % L-asparagine (all from Gibco BRL). The 
cells were then allowed to adhere to rat serum-coated 
plastic dishes. Following incubation for 2 h. the dishes 
were rinsed with three changes of HEPES-buffered 
DMEM (E.H. medium). Adherent cells were removed by 
cold phosphate buffered saline (PBS) containing EDTA. 
May-Griinwald-Giemsa staining of the cells showed the 
complete absence of neutrophils with predominance of 
monocytes. The purity of the isolated monocytes was 
routinely more than 90%. as indicated by immunofluo- 
rescence flow cytometry using mAb 0X42. Further 
enrichment of monocytes was achieved in some expen- 
ments by repeated washing of the dishes. Monocyte 
preparations then had about 99% cell viability as deter- 
mined by trypan blue exclusion. 

4.8 Reverse transcription combined with the 
polymerase chain reaction (RT-PCR) analysis 

Highly purified monocytes (purity 99% as assessed by 
0x42 surface mariner analysis) were prepared for RT- 
PCR analysis. Total cellular RNA was isolated with RNA- 
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zolB (Wak-chemie. Bad Homburg. Germany). Total RNA 
(1 Jig) of each sample was reverse-transcribed with 
Moloney murine leukemia virus reverse transcriptase 
(100 units. Gibco BRL). dithiothreitol (10 mM, Gibco 
BRL). hexamer random primer (1 jil. Roche. Mannheim) 
and the four deoxyribonucleotides triphosphate (dNTPs, 
0.5 mM. Pharmacia) in a total volume of 20 \il The cDNA 
were amplified by PGR using specific primers for p75 
and trt^. PGR amplification for constitutively expressed 
mRNA encoding the glyceraldehyde-3-phosphate dehy- 
drogenase (GAPDH) served as the control for RNA input 
and amplification. PCR-amplification was done in a final 
volume of 50 \i\ containing 1 nl of transcribed cDNA 
probe, the four dNTPs (0.2 mM. Phanmacia), 2.5 U 
AmpliTaq (Perkin-Elmer/Cetus. Norwalk, CI) and IxPCR 
buffer (Peri^in-Elmer/Cetus) covered with two drops of 
mineral oil (Sigma). The amplification steps involved 
denaturation at 93°C for 1 min, annealing for 1 min at 
60'*C with each specific primers, and extension at 72**C 
for 1 min. The PGR reactions were analyzed by electro- 
phoresis in 1.7 % agarose gels in the presence of ethi- 
dium bromide. Oligonucleotide sequences were 
selected with the program PRIMER (Whitehead Institute. 
MIT. Cambridge). The p75^-specific primers were 
5'-CGGCACCACCGACAACCTCATT (sense) and 5'- 
GCTCGCCTGCCAGATGTCGC (antisense), located at nt 
851 and nt 1203, respectively, in the rat p75^ mRNA 
sequence (GenBank-EMBL accession number X05137) 
and amplifying a 353 bp fragment. The trkA-specific 
primers were 5*-ATCTGGGCAAAGCCGTGGAACA 
(sense) and 5'-AGGAAGAGGGCGGCGGAGACG (anti- 
sense), located at nt 933 and 1365. respectively, in the 
rat tri^ mRNA sequence (accession number M85214) 
and amplifying a 433 bp fragment. The GAPDH-specific 
primers were S'-CCCACGGCAAGTTCAACGG (sense) 
and 5'-CTTTCCAGAGGGGCCATCCA (antisense). lo- 
cated at nt 220 and nt 647, respectively, in the rat 
GAPDH mRNA sequence (accession number X02231) 
and amplifying a 428 bp fragment. PGR fragments were 
purified from the 1 .7% agarose gel using the gel extrac- 
tion method (Qiaex gel extraction kit, Qiagen. Chats- 
worth, CA) and directly sequenced by automated 
sequence analyzer (MediGene. Martinsried. Germany). . 



4.9 Flow cytometry 

Purified monocytes were incubated with primary mAb or 
isotype-matched control antibodies as indicated for 1 h 
at 4°C. The cells were washed and stained with 
fluorescein-(DTAF)-conjugated goat anti-mouse IgG 
[F(ab*)2; Dianova, Hamburg. Germany] for 30 min at 4°C. 
The cells were then washed and immediately analyzed 
using a FACScan (Becton Dickinson, Heidelberg, Ger- 
many). Dead cells were excluded by propidium iodide. 
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4.10 Culturing brain microvascular endothelial cells on 
Transwell™ 

The procedure lor the isolation of rat brain microvascular 
endothelial cells is a modification of the technique 
described by Risau and colleagues [20. 28]. Cerebral 
cortices of 4-6 w^eek old Lewis rats were prepared, dis- 
sected free of meninges and white matter and minced in 
E H medium. The tissue suspension was digested in 
0.3% collagenase (CLSII. Seromed. Berlin, Gemiany) in 
E H medium for 1 h at 37»C. BSA (25%, Serva, Heidel- 
berg Gemiany) in PBS was added to the slurry and cent- 
rifugated for 20 min at 1 ,000xg. The pellet containing the 
capillary fragments was incubated in 0.1 % collagenase- 
dispase (Boehringer Mannheim) in E.H. medium for 
30 min at 3rC. After washing, the remaining pellet was 
incubated for 1-2 min in 10 \ig /ml DNase I (Boehnnger 
Mannheim). The capillary fragments were purified using 
Percoll gradient density centrifugation. The cells were 
then plated on six culture dishes (35 mm diameter) pre- 
coated with collagen G (Seromed). The culture mediurn 
for brain endothelial cells consisted of DMEM with 10% 
calf semm (Hyclone, Logan, Utah). 2.5 ^g /ml amphoten- 
cin B (Seromed), 1 % kanamycin. 1 % nonessential amino 
acids, 1 % sodium pymvate (all from Gibco BRL) and 1 % 
bovine retinal extract as a crude source of fibroblast 
growth factor [42]. The fragments were allowed to attach 
for 30 min, medium was exchanged, and the cultures 
were incubated at 3rc in a humidified atmosphere and 
5% COj. Optimal purity of brain endothelial cell culture 
was obtained by selective lysis of contaminating astro- 
cytes and pericytes, using anti-Thy 1.1 antibody and 
complement as described [28]. The confluent monolay- 
ere of the endothelial cells were dissociated by trypsin- 
ization and the single cell suspensions were used for the 
flow cytometric analysis or seeded onto collagen coated 
microporous membrane (Transwell™. Costar, Boden- 
heim, Germany. 6.5 mm insert diameter. 5 jxm pore size). 
Cbnfluency of the endothelial cell monolayer on the 
microporous membrane was monitored by measurement 
of the electrical resistance by use of EVOM™ epithelial 
volt-ohm-meter (Worid Precision Instalments. Sarasota. 
FL). 



4.11 Monocyte transendothelial migration assay 

To cany out the migration assay, the brain endothelial 
cells on the microporous membrane were incubated in 
the culture medium alone or in the presence of 10 ng/ml 
of TNF-a for 24 h. The monolayers were then washed 
twice gently and 4x10= of purified monocytes in 200 (il of 
the assay media were put into the upper chamber. The 
plates containing Transwell™ were incubated at STC, 
10% COj for the specified time. Following migration, 
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each upper chamber insert was removed and migrated 
cells in the lower wells were transferred into a small tube. 
The migrated cells recovered from each lower well were 
sedimented. resuspended in medium and counted with a 
hemocytometer. The viability of the cells was jessed 
by trypan blue exclusion. Although the cells in the lower 
Chamber contained some endothelial cell debris these 
were easily distinguished by light microscopy so that the 
number of migrated cells could be accurately deter- 
mined. The percentage of migrated cells was then calcu- 
lated from the initial number of cells added to the upper 
chamber. After the assay, the endothelial cells on micro- 
porous membrane were fixed in 4% parafomialdehyde in 
PBS The endothelial cell covered microporous mem- 
branes were removed from the ring with a coik borer and 
confluency of the endothelial cells was re-controlled by 
Giemsa staining. To determine the effect of neurotro- 
phins, the monocytes adherend to dishes were subse- 
quently treated with various concentrations of NGF for 
4 h The cells were then recovered and washed twice. 
4x1 0= of neurotrophin-treated or untreated monocytes 
were resuspended in 200 |il of the assay media and put 
onto the upper chambers. The migration was measured 
12 h later. Antibody blocking of NGF-induced responses 
was carried out using anti-p75'^ antiserum 9651. The 
monocytes were harvested from the dishes and were 
then treated with anti-p75"" antisemm (1:100 dilution) 
for 1 h at 4''C. Anti-p75*™ antiserum treated-cells were 
subsequently incubated with 100 ng/ml of NGF and 
used for the transendothelial migration assay. 



4.12 Statistical analysis 

All data from the migration assay are expressed as mean 
+ SD of the percent migration calculated from triplicate 
wells The experiments shown are representatives of 
three independent experiments. Statistical analysis of 
the data was performed using Student's f-test. p values 
<.01 were considered significant. 
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Abstract ^xz-p^ i nl»v< a critical role in innate inununity by direct- 

Monocyte chemoattractant protem ^^^P'^J^lv s^ tlccnt data indicated a foncdon for 
ing the nugration --"^^ "^^ ^^S^^ oJ? c^ to T helper ceU type 

this chemokine in adaptive immunity as ^^fj^'^' l^^ model, experimental autoim- 

2 Crh2) effector &nction^S«dies ^ » ^-JjJfp^J "^^^ expr; Jin the central ner- 
mune encephalomyehtis (EAE). ^owed that MCP ^^^^^^J^JJ block relapses of the dis- 
vous system (CNS) of affected rodenc and MCP-1 ^^cK)2, did not 

ease. Mice deficient for the major MCP-1 receptor CCchemo^ne rec p j j ^_ 
develop EAE after active immunization but genen«d f ^^/J^ ^/^.-f^f ^^^^^ ^o define 

ease to naive wUd-tye ^^g^^Il tjolTmX M^-l. MCP-2. MCP-3. and 
the relevant hgand for CCR2 wh^ch res^n^ ^^^^^^ ^ ^„ 

MCP-5. We found that C57BL/6 MCP-l-nuU mice '^"^ ^ cNS, yet able 

rive immunization, with drastically impaired '^^^"^"^"^'fj^^ con- 
to gen^ate effector T c^f^^^^tt^T:^^^^^^^^ 

trast. adoptive transfer of pnmed T from disruption of the MCP-1 gene 

ents did not mediate chmcal EAE. On the ^J*r^*^*^°r.;diat mimicked previous findings 
produced a milder EAE phenotype with dimmished ^ JP^f^^^^ of MCP-2. MCP-3, 
Ling anti-MCP-1 -t^^ojes. There comper^^^^^^^ . ^.^^ 

or MCP-5 in MCP-l-m^ nuce ^^J^^^f define the role of MCP-1 in 
CCR2 Hgand in mice with EAE, and P^T^*^"^ ^'L^P-'^^^^bited reduced expression of 
EAE. Compared with wUd-type ^^f'^^JkS ncre^d a^^^^^ immunoglobulin 

sr^ro^P-Sn^f^^^^^ 

Ji;S^r--ut^.p":Sx kctorprogram.EAE. 

Key words: autoimmune disease • chemokine • chemokine receptor • macrophage • T helper 

cell type 1/T helper cell type 2 
Introduction CC chemokine, active towards monocytes, dendritic 

Chemokines '^'^^^1'°^'^^^^^ ^^ollg To t^e «Us. and NK celb, thereby playing an important role in in- 

o"^!!£tion of po'sitionky'conserved cysteme residues (1). ; ^ 

Monocyte chemoattractant protem 1 (MCP-1) is a pro ^ ,o-kD protein: MCP. monocyte chemoamactant 

F«: 216-444-7927; E-maU: nmohr@ccf.org ? ? ^ p^^, RN.se protecnon assay; RT. reverse oanscnpnon. 
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nate immunity (2-7). However MCP-1 is also a cmcu^ 
factor for the development of adapave Th2 respomes^ 
this regard. MCP-1 directs the differentiation of ThO 
to ThI in vitro (8) by a mechanism dependent on 
Administration of anti-MCP-1 Abs (9) or d»-P"°n ?f *e 
MCP-1 gene (2) significandy reduced the size of sch«to- 
some egg antigen (SEA) secondary granulomata. a ItU- 
do^^ diseSe model. Conversely, local overe^-- 
S MCP-1 increased the size of SEA secondary granvdo- 
mata (10). Immunization with trinitrophenol-denvatized 
Zlnrl plus IFA elicited a -'^-ed Tl^ and unal«^ 
Thl response in MCP-l-deficient (MCP-1 ) mice. 
MCP-1-'- mice of Balb/c strain were relati^vely 
UUhmania major infection, indicating that lack of MCP-1 
led to reduced Th2 immunity (11). 

Experimental autoimmune encephalomyehos (EAE), a 
model for autoimmune demyelination of die central ner- 
vous system (CNS), has been widely employed to explore 
pathogenic mechanisms underlying the human disease 
multiple sclerosis (MS [12. 13]). The generaaon of myehn 
protein-reactive T cells is an immunological hallmark ot 
both EAE and MS and is required VTMri"^ 
EAE. These autoreactive T cells traffic to die CNS. and 
initiate inflammation and destruction of CNS myeUn with 
consequent neurological impairment (14, 15). 

Thl-type T cells, producing IFN--/, IL-2. and TNF-P, 
are associated witii cellular immune responses, delayed- 
type hypersensitivity, and macrophage actiyaaon whereas 
?j2-t^e T cells, producing IL-4, lL-5. and IL- 0 are ^- 
portant for humoral immune responses (16, 17). The dy 
namic interplay and reciprocal inhibition between Thl and 
Th2 cytokines has been demonstrated m numerom re- 
search reports. IL-4 is a major fkaor that governs Th2 if- 
ferentiation and inhibits the development of IFN-7-secr«- 
ine cells (18). The activation of macrophages and the 
production of Thl cytokines such as IFN-^ can also be in- 
hibited by IL-10 (19). Most encephalitogemc T cell clone 
examined are Thl polarized (20-22). although exceptions 
have been reported (23). Thl cytokines ^ markedly ele- 
vated in the CNS of animals during EAE attacks whereas 
Th2 cytokines are associated with disease recovery (24). iL- 
4-induced immune deviation is beneficial for recovery 
firom EAE (25); EAE can be prevented and/or reversed by 
myelin antigen-specific T cells that are geneacally trans- 
Tced with 'eithef IL-4 or IL-10 genes (26, 27); ana-IL-4 
treatment reverses die tolerance induced by an altered pep- 
tide Ugand (28), and absence of IL-4 in gene-targeted mice 
incre^es the severity of EAE (29). In summary, Thl im- 
mune responses are padiogenic and Th2 responses are pro- 
tective in die initiation and evoluDon of EAE. 

However, antigen-specific T cells commute orJy a smaU 
proportion of infiltrating leukocytes m EAE or MS lesions 
(30) Secondarily recruited inflammatory cells account for 
Ae vast majority of infiltrating cells and play a pivotal role 
in CNS tissue damage (31). Although the detailed mecha- 
nisms by which inflammatory cells influx into the CNS 
comparmient are not completely understood, mcreasmg 
evidence suggests that chemokines, in concert widi adhe- 



sion molecules, are essential for this process (32). In EAE. 
elevated expression of MCP-1 by CNS parenchymal cells, 
tighdy linked to cUnical disease, has been demonstrated re- 
pLedly (33-35). Further, anti-MCP-1 Abs blocked re- 
hpses of adoptive transfer EAE in SJL mice AddiDon- 
ally mice that lacked CC chemokine receptor 2 (CCR2), 
die'major receptor on monocytes for MCP-1. feJed to de- 
velop EAE after active immunization and were resBtant to 
induction of EAE by die adoptive transfer of pnmed T cells 
from syngeneic wild-type mice (37. 38). It J^^^^ 
whedier MCP-1 was the relevant hgand for CCR^ m 
diese experiments, as diis receptor also responds to MCP-2. 
MCP-3, and MCP-5. However, there is also support fo^ 
die possibihty that regulation of Th2 responses by MCP-1 
could be important for the pathogenesis of EAE; m partic- 
ular MCP-1 was critical for the development of tolerance 
after oral administration of a proteoUpid protem (PLP) pep- 
tide containing residues 139-151 (39) 

m"efore. the phenotype of EAE in MCP-l-^eficient 
mice could not readily be predicted. On one hand, defec- 
tive MCP-l-dependent monocyte recrmtment might lead 
to attenuated dEease. Alternatively, if fonctional r^lace- 
ment of MCP-1 by anodier MCP mediated monocyte ac- 
cumulation in the CNS of these mice, defecave Th2 re- 
sponses might lead to very severe nonremitang d^ease. 
Finally, in view of redundancy in die m«nune/inflamma- 
tory Jstem, it remained possible diat MCP-l-null mice 
would manifest EAE identically to ^"^-We ammak- 
Given diese considerations, the role of MCP-1 m die 
padiogenesis of EAE merited fiirther charactenzanon. 

These concerns are also Ukely pertinent for die human • 
disorder MS. Patients with active disease, mamfest by dim- 
cal attacks, showed significandy decreased MCP-lm die 
cerebrospinal fluid, as compared with controls. Of eig^t 
chemokines measured, only MCP-1 was reduced m th« 
cerebrospinal fluid of patients widi acQve MS. However, 
abundant MCP-1 has been readily detected by immunohis- 
tochemistry in autopsy brain sections contaimng MS lesions 
(40-42). Therefore, die role of MCP-1 in die padiogenesis 
of MS remains to be clarified. r c a c 

In this report, we describe die phenotype of EAE m 
MCP-l-null mice. These mice exhibited markedly re- 
duced cUnical and histological EAE after active immumza- 
tion and did not develop chnical disease after receiving en- 
cephalitogenic T cells from wild-type ^^jn^f • ^fPf 
of MCP-2. MCP-3, and MCP-5 in die CNS of both wdd- 
type and MCP-l-null mice widi EAE were virtually iden- 
tical. These findings indicated diat MCP-1 ^ the major 
ligand for CCR2 in murine EAE. In this EAE model, we 
found that disruption of die MCP-1 gene led to an attenu- 
ated Thl autoimmune response and complimentanly in- 
creased Th2 response. These results indicated a cmcial role 
for MCP-1 in generating CNS inflammatory reacaons diat 
mediate the effector phase of myelin-specific Thl autoim- 
mune responses. Therefore, die data suggested diat pmned 
encephaUtogenic Thl ceUs cannot manifest effector fimc- 
tions in the CNS widiout recruiting hematogenous mac- 
rophages. 
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Materials and Methods 

Mia The disruption of the MCP-1 gene has been described 
previously (2). MCP-r'" mice were ^^<^X"°Z^ K^rP 
C57BL/6 (B6) strain for eight generations. One F8 MCK-l 
mouse was fUrther backcrossed to a B6 mouse (obtained f^om 
The Jackson Laboratory). The heterozygous ofBpring were inter- 
crossed to produce F9 wild-type (+/+), heterozygous (-/+). 
and MCP-1-'- mice. FIO mice were generated in a similar man- 
^Ter. MCP-l*'^ MCP-l-'^ and MCP-l"'' F9 and FIO mice 
on the B6 background were used in this study. 

MCP-l-deficient mice on the B6/129 background were also 
backcrossed onto SJL for seven generations. MCP-1 and 
MCP-1-'- F7 mice on SJL background were used m this study. 

Mice were genotyped using a PCR-based analysis of 8^°°™^ 
DNA extracted from tail cUps. Primers MCP-^F 5 -GGA GCA 
TCC ACG TGT TGG C-3' and MCP-IR, 5'-ACA GCT TCT 
TTG GGA CAC C-3' ampUfied a DNA fi^g^^'Z"))'" 
MCP-1 gene. Primers NeoF. 5'-CGC TTC CTT TTT GTC 
AAG AC-3' and NeoR, 5'-ATC CTC GCC GTC GGG CAT 
GC-3' amplified a fragment in the neomycin resistance gene in- 
sert PCR reactions were performed in a PcrkinElmer 9700 cy- 
der (annealing temperature. SO'C) and produces were visuahzed 
by electrophoresis on ethidium bromid^tamed NuSeive GTG 

''^^^ Myelin OligoiendrogUal Glycoprotein and Mouse Proteolipid 
Protein Peptides. Rat myeUn oUgodendroglial glycoprotein 
(MOG)35-55 and mouse PLP139-151 peptides were obtained 
from (BIO-SYNTHESIS) and purified by HPLC with a puri^ of 
S The sequence of MOG3S-55 was MEVGWYRSPFS- 
RWHLYRNGK and that of PLP139-151 was HSLGKWL- 
GHPDKF 

Active Induction ofEAE with MOG end PLP Peptides and Oinical 
Evaluation. Mice of 8-9 wk of age were subcut^eoudy m- 
iected with 300 jtg MOG35-55 emulsified in CFA (Difco) con- 
taining 400 iig Mycobacterium tuberculosis. Mice were intrave- 
nously injected with pertussis toxin (Sigma-Aldrich) as indicated 
in the figure legends on day 0 and 2 postimmunization (pi). The 
immunization in SJL mice was carried out as described previously 
(43) All mice were weighed, examined, and graded d^ly for 
neurological signs in a double bUnd manner by one of us 0- 
Wang) as follows: 0, no disease; 1. decreased taU tone or shghdy 
clumsy gait; 2. tail atony and moderately clumsy gait and/or poor 
righting abiUty; 3. limb weakness; 4, limb paralysis; and 5, mon- 
bund state. Disease relapse was determined when an increase of 
one EAE score unit was observed. Signs of neurological unpair- 
mcnt were typically accompanied by an abrupt, substanua^ 
weight loss (>7%). The average day of EAE onset was calculated 
by adding the first day of clinical signs for individual mice and <ii- 
vided by the number of mice in the group. Day of EAE onset m 
mice that showed no cEnical EAE was deliberately regarded as 1 d 
after the experiment was terminated (44). The EAE index was 
calculated by adding all the daily EAE scores to obtain cumulative 
score and dividing by day of EAE onset. Active immuni^uon 
with MOG35-55 induced monphasic EAE " B6 mice and 
followed for 65 d. Chronic relapsing EAE induced by PLPISV- 
151 was monitored for 90 d. . j • • 

T Cell Proliferation Asscry. Mice were killed and draimng 
lymph nodes (popUteal and inguinal lymph nodes [PILNs]) were 
issected on day 10 pi. Single cell suspensions (5 X lOVml) were 
prepared and cultured in tripUcate in 96-weU flat-bottomed plates 
(Falcon; Becton Dickinson) in 200 (il/well in the presence or ab- 
sence of MOG35-55, PLP139-151, LPS. or anti-CD3 (R&D 
Systems) in RPMI 1640 (GIBCO BRL) supplemented with 2 
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mM i-gjutamine. 100 U/ml penicillin. 100 tig/ m^ areptomy- 
cin. 10% FCS. and 5.5 X IQ-^ M 2-mercaptoethanol. CeUs >vere 
pulsed with pH]thymidine (Amenham Pharmacia Biotech) 0.5 
aCi/well 72 h after culture initiation, and incubated 10 h fcrther. 
Plates were harvested using a harvester ONOTECH) Incorpo- 
nted radioactivity was measured in a MicroBeta PLUS hquid 
scintilladon counter with software v3.3(Wallac Co.). 

Cell Cultures and Cytokine Assay. Mononuclear ceU (MNC). 
suspensions (5 X lO'/ml) were prepared from PILNs of n-cethit 
had been immunized with MOG35-55 plus CFA for 10 d. CeUs 
were cultured at 2 X 10»/ml in RPMI 1640 supplemented as 
above in ceU culture tubes (Falcon; Becton Dickinson) m *e 
presence or absence of MOG35-55 and anti-CD3e Ab at 5/« 
CO, and 95% humidity. The supematants were coUecttd atter 
24 48 and 72 h of in vitro restimulation and kept at -80 C until 
assky. Levels of IFN--y, IL-4. and lL-10 in sera and ceU culture 
supematants were determined using ELISA kits commercially ob- 
tained from R&D Systems. The standard curves were made on 
die same occasion and the sensitivities for the merfiods were 2 0 
2 0 and 4.0 pg/ml for IFN-",. 11^. and lL-10. respecnvely. All 
saniples were measured in dupHcate and diluted if necess^. 

Analysis ofChemokine and Chemokine Receptor mRNA Leveh by 
RNase Protection Assay. Mice were anesthetized vvidh sodium 
pentobarbital and intracardially perfiised dirough the left ventncle 
widi ice-cold PBS. Spinal cords were extruded by flu*fng 
vertebral canal with PBS. rinsed in PBS. and kept at -80 C To- 
tal cellular RNA was prepared from spinal cord tissue by TRlzol 
(Life Technologies). Quanrificadon of CC cheinokines and 
chemokine receptors in CNS tissue was done by R>Iase protec- 
tion assay (RPA) with Template Sets and In vitro Transcription 
Kit (BD PharMingen) according to die manufactures instruc- 
tions Protected fragments were visualized and quantified by au- 
toradiography with Phosphorlmager (Molecular Dynamics). 

Re„efje Transcription PCR Detection for Leveb of MCPs, Cyto- 
kine CDJe, CDS, and Mb-1 mRNA. Total RNA was «m«ed 
from the PBS-perfiised. snap-firozen spinal cords using TRlzol. 
cDNA was synthesized using a RNA PCR Core kit (Gene- 
Amp*- PerkinElmer). Glyceraldehyde-3-phosphate dehydroge- 
nase (GAPDH) expresaon was used as an unregulated control and 
using primers: GAPDHf. S'-GGT GGA GGT COG 
AGT CAA CG-3' and GAPDHr. 5'-CAA AGT TGT CAT 
GGA TGA CC-3'. MCP-2. MCP-3, and ^CV-B cDHh 
amplified by specific primer pairs. mcp-2f; 5 -ACA TCA 
GCT TGG TCT GGA AAA C-3' and mcp-2r, 5 -ACT AAA 
GCT GAA GAT CCC CCT TCG-3'; mcp;3f. 5'-CAC ATT 
CCT ACA GAC AGC TC-3' and mcp-3r, 5 -AGC TAG AGA 
AGG ATC ACC AG-3'; and mcp-5f. 5'-CTC CTT ATC CAG 
^A? GGT CC-3' and mcp-5r. S^-TCT CCC TCC ACC ATG 
TAG AG-3' IFN--Y. IL-4. and IL-10 were ampUfied with 
pnrSr pSrs! IFNgf. 5'-AGC GGC TGA CTG AAC TCA GAT 
TGT-3' and IFNgr. 5'-GTC ACA GIT TTC AGC TGT ATA 
GGG-3'; il4f, 5'-TCG GCA TTT TGA ACG AGG TC-3 and 
U4r 5'-GAA AAG CCC GAA AGA GTC TC-3 ; and illOf; 5 - 
CAT CAT GTA TGC TTC TAT GC-3' and illOr, 5 -TAC 
CTG GTA GAA GTG ATG CC-3'. CD3e was detected widi 
primer pain CD3ef. 5'-ATG GAG CAG AGG AAG GGT 
CTG.3' and CD3er. 5'-TCA CTT CTT CCT CAG TTG 
GTT-3' Levels of CDS cDNA were detected using pnmer pair: 
CD8f. 5'-TCT GTC GTG CCA GTC CTT C-3' and CD8r 
5' CCT TCC TGT CTG ACT AGC GG-3', while that of Mb-1 
(die gene encoding IgGa, expressed by B cells; 'ef^ence 45): 
Mb-lC 5'-GCC AGG GGG TCT AGA AGC-3' and Mb-lr. 



5'-TCA CTT GGC ACC CAG TAG AA-3'. RNA AmpUfica- 
don Kit SYBR Green 1 was used in aU PGR "actions Aat were 
performed in a real-time LightCyder system (Roche Molecular 
Biochemicals). The level of specific «nRNA T"? w"!; 
expressed as the cycle number at which the LightCyder Syaem 
detected the upstroke of the exponential phase of PGR product 
acLubtion. and normalized by the level °f ^APDH expre^on 
in each individual sample. Therefore, levels of mput mRNAs cor- 
rehte negatively vyrith numbers of cydes. 

of Serum Ant^MOG3^55 IgG. IgGi and 
loC2a. Detection of anti-MOG35-55 Abs was performed as 
described previously (46). In brief, rat MOG35-55 pept.de (01 
ml/weU 3.0 ng/ml) was added to 96-well micronter plate 
(Nunc) in coating buffer and incubated at +4°C ove™^'- 
being washed tl^e times with PBS-Tween (0.t%). the plates 
were blocked with 5% FGS in PBS for 2 h at room tempenture 
Diluted sera (0.1 ml/weU. 1:5 for IgG2a, 1:50 for total IgG and 
IgGl) were added to and incubated at room temperature for 2 h 
followed by washing widi PBS-Tween three rimes. A series of 
seram dilutions were examined in the preliminary rapenments. 
The OD values obtained negatively correlated with the ddutions 
of the samples. For the detection of IgG2a, alkaline phosphatase- 
conjugited anti-mouse IgG2a (1:2,000 dilution; BD PharMingen) 
was added and incubated for 2 h at room temperature, followed 
bv five vvrashes. Color was developed by adding p-nitrophenyl 
phosphate substrate (Sigma-Aldrich) f ^ ^ 
performed at 450 mn in an ELISA reader (Wallac Co.). For the 
detection of total IgG and IgGl. biodnylated anri-«.ouse IgG 
(1:3.000; Sigma-Aldrich) and IgGl (1:500; BD PharMingen) Abs 
were added and incubated at room temperature for 2 h. After m- 
cubation with ABC Vectastain (Vector Uboiatories). the reaction 
was devdoped vndi 2.2'-a2ino-bis(3-ethylbenz-diia2ohne-6-sul- 
fonic add) (ABTS) peroxidase substrate (Vector Uboratones) and 
read at 405 nm in the ELISA reader. In each assay for IgG. IgGl, 
or IgG2a. all the samples were measured in dupUcate on a smgle 

^^mmC^tonMri. Cells from the CNS were i»l«ed =^ de- 
scribed previously (37). Samples were washed in FAC^ buffer 
(1% FCS and 0.1% sodium azide in PBS). After blocking with 
CD16/CD32 Fc Block (BD PharMingen), cells were stoned for 
surface marken with direcdy conjugated Abs in FACS buffer. 
Abs used were CD4-FITC. CDllb-PE, CD45-Cy-Chrome 
and CD&-Cy-Chrome, and were titrated using mouse penphenU 
blood. All Abs were obtained from BD PharMingen. ^ 

Adoptive Tramfer of EAE. Mice were immunized with 200 
lie MOG35-55 peptide in CFA. Lymph nodes were harvested 
Tnd sinde MNC suspensions were prepared 10 d pi and cultured 
in the presence of 30 K-g/ml MOG35-55 and 20 ng/ml munne 
rIL-12 (R&D Systems). After 4 d incubation, ceUs were collected 
and washed in PBS. 2 X 10' Uving cells were intravenously in- 
jected into wild-type or MCP-Wefident mice. Redpients were 
eiven 200 ng pertussis toxin intravenously on the day ot ceU 
^nsfer and 48 h after transfer (37, 47). Mice were weighed and 
EAE scored daily by an investigator 0- Wang) who was bhnded 
to mouse genotype or source of transferred cells. Mice were 
monitored for 40 d after transfer. 

StatislUd Analyses. The Instat 2.02 software was used for Ae 
analyses of the difference between the MCP-1^'\ MCP-1 '\ 
and MCP-1-'- mice. The Mann-Whimey U-test was used for the 
comparisons of disease severity and cytokine and chemokine gene 
expressions. A chi-square test was used for the comparisons of dB- 
ease inddence in groups of MCP-1*'*. MCP-1 and MCP- 
1"'- mice. A P value <0.05 was considered as significant. 



Results 



C57BL/6 MCP-1-deficient Mice Are Relatively Resistant 
to Active EAE Induction with MOG35-55. MCP-1+ . 
MCP-1-'*, and MCP-r'- F9 mice (« = 9 in each group) 
were immunized ^th 300 jtg MOG35-55 plus 500 ng 
pertussis toxin intravenous injection on day 0 and 2 pi. 
One MCP-1 mouse died of immunization on day 4 pi. 
The remainder of the mice, regardless of genotype, devel- 
oped cUnical EAE. MCP-1*'+ mice showed EAE signs 
around day 10 pi, consistent with previously reported re- 
sults in C57BL/6 mice (44. 48). MCP-l"'" mamfested sig- 
nificantly delayed EAE with an average onset on day 21 pi 
(Fie 1). Three out of nine wild-type mice died of EAt, 
and another three had to be kiUed because of moribund 
state. None of the MCF-l"'' mice died of EAE or had to 
be killed throughout die experiment and they recovered 
from the disease significantly fester and more completdy 
than wild-type liaetmate controls. Heterozygote MCF-1 
mice developed EAE with an intermediate l^neucs and 
severity. None of the MCP-l"'* mice died of EAE. 
whereas three were killed in a moribund state due to severe 
EAE Analyses of CNS tissue histology revealed massive m- 
flammatory infiltrates in wild-type control mice + 
+ + + + in re^ons of lumbar and sacral spinal cord, n - 4; 
Hg 2 A) but markedly reduced inflammatory reaction m 
MCP-l-null mice (+ to ++ in regions of corresponding 
levels of affected spinal cord. « = 4; Fig. 2 B; reference 49). 
Examination of demyelination using Luxol Fast Blue stam- 




Day post immuBlutioa 

Fieore 1. Eflfect of MCP-l gene disrupcion on MOG35-55^induccd 
F9 MCP-l-''* MCP-l-'-'. and MCP-l"'' mice were immunized 
with MOG35-55 emulsified in CFA and intravenously P"' 
tussb toxin (PD on the day of immunization and 48 h later (500 ng/in- 
jection). Three wild-type mice died of EAE and another diree had to be 
JdTed due to severe EAE atuck. None of die MCP-l"'* imce ied of 
EAE but diree were killed. None of die MCP-l"'" mice died of EAE or 
had to be killed. Shown are EAE score (mean ± SD) m each ^up of 
mice that had been foUowcd throughout die experiment (« - 3 6 and 8 
for MCP-1*'*, MCP-1-'*, and MCP-l"'" group. respecDvely). This 
graph is representative of direc experiments with similar results. 
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Figore 2. Spinal cord histology of MCP-1«: MCP-1 rm^ 
XeAE 5C0« 4.0. HenutoxyUn and eosin suinmg "f^l^^^LX 
Actions. Note Ae numerom perivascuUr cuffi and subpul "t^^^J; 
rows) as well as leukocytes disseminated in d,e whiK matter of MCP-1 
™^ whereas nSrely fewer inilamnutory infiltrates were found m 
MCP-l-deficient mice (B). 



ins revealed significant reduction in MCP-r" mice com- 
p^ed with their Uttermates controk 65 d after immuniza- 
tion (data not shown). 

FIO MCP-l-deficient mice and wild-type httetmate 
controk were analyzed in a subsequent expenment As 
pertussis toxin has been shown to increase the permeabihty 
of the blood-brain barrier (BBB [50. 51]), enhance delayed 
type hypenensitivity pTH) responses *ep-d«cuon 
of IFN-7 (52-54), augment expression of CD80 CD86 
on antigen-presenting cells and CD28 on T cells (55). and 
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Fig«r. 3. Attenuated MOG3S-55-induced EAE in MCP-l-"" 
mi^FlO MCP-1-'- mice (i. = 6) and dieir httermate wild-C|rpe con- 
Ztr= 6) we^ immuniid wi* MOG35-55 in CPA »«i .n««- 
injected with pertussis toxin (FT; 200 ng/mjecnon). Shown are 
EAE score (mean ± SD) of in(fividuals in each group. 

T cell immune responses (55, 56). we reduced the amount 
of pertussis toxin in the immunization to 200 ng per injec- 
tion in an attempt to reduce the high death rate observed 
in wild-type mice in the F9 experiments. In this experi- 
ment, all MCP-1^'* and MCP-l"'" mice showed signs of 
clinical EAE: none died of EAE or required 
contrast to the MCP-1+'* mice that developed fiill-blo^ 
EAE, the disease was largely suppressed vwth ^^Ef^^^^y 
delayed onset and nulder neurological impairment (Fig. 3) 
and significandy less weight loss (data not shown) m 
MCP-l^eficient mice. These data demonstrated that 
MCP-l-null mice and CCR2-deficient mice exhibited 
strikingly similar EAE phenotypes (37 38) su^«ud 
that MCP-1 may be the relevant hgand for CCR2 m this 

'^°Dtmption of MCP-1 Gene Attenuates the Severity o/PLP- 
induced EAE and Reduces the Number of Rekpses ,n SJL 
Mice 11 MCP-1^'^ and 10 MCP-l"'" mice on SJL 
Sground were immunized wi* PLP 139-1 51 pepude 
emukified in CFA. One MCP-l*^"^ and two MCP-1 
mice died of immunization within the first week after im- 
ZZ.on. The reminder of MCP-1-; (10/10) and 
7 out of 8 MCP-1-'- mice showed chmcal EAE. Com- 
pared with the MCP-1-'- group, a significandy hi^er 
percentage of MCP-1+'-^ mice died of EAE dunng the first 
attack and relapses diereafter. Among the mice that sur- 
v^ed the first aLk. six MCP-l^^ mice l^d eight relapses 
(four mice had one attack each and two had two attacks 
each), whereas three out of seven MCP-l"'" mice had sin- 
gle attacks. At day 90 pi. the average EAE mdex was sigmf- 
Ldy higher in MCP-l-^ group (« = 4) than diat m 
MCP-1-'- group {n = 7) (Fig. 4). These results imphcated 
a role for MCP-1 in eliciting relapses of EAE m this modeL 
These findings were consistent with previous reports show- 
ing reductio^of relapses using anti-MCP-1 Abs m a pas- 
sive EAE model (36) and in mice receiving vaccme con- 
taining naked DNA encoding for MCP-1 (57). 
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Figure 4. MUder disease and reduced number of relapses in PLP- 
fnd^ced EAE MCP-l- SJL mice. MCP-l;'- SJL rmce »d *^h.«^^ 
mate wild-type controls were immun^ed with PI-P139-151 m CPA plm 
i„„avenous injccdon of pertussis toxin ^ descr,bed m Mat^ »f 
Methods. Mice were monitored for 90 d after unmumzanon MCP-1 
SJL mice showed significandy decreased EAE index, reduced number of 
relapses, and nonsignificantly delayed disease onset. 

There Is No Compensatory UpreguMon ofMCP-2, MCP-3. 
or MCP-5 in the CNS ofMCP-r'- Mice with E^f Be- 
cause CCR2 is shared in common among fU MCFs 
(58-60), we analyzed MCP-2, MCP-3. and MCP-5 
mRNA expression in the CNS of C57BL/6 mice with 
MOG-induced EAE, using quantitative «al-tune reveise 
transcription (RT)-PCR. Levels of MCP-2 and MCP-3 
but not MCP-5 were elevated in CNS Qssue from EAE 
mice. There was no significant difference MCP-2 ex- 
pression in CNS tissue between MCP-1^^* and MCP-1 
group (23.8 ± 0.4 vs. 23.7 ± 0.5, mean ± SD; « - 5 m 
Lh group). No significant difference of MCP-3 expres- 
sion Z CNS tissue from MCP-l^'^ (31.0 ± 0.6. n = 5) 
and MCP-1-'- (33.1 ± 2.6, « = 5. P = 0.4) mice was 
found, whereas CNS MCP-5 expression in mice with EAE 
was essentiaUy undetectable (data not shown). The uml- 
tered levek of MCP-2 and MCP-5 and a trend towards de- 
creased expression of MCP-3 in MCP-l"'" mice (higher 
PCR cycle number) uncovered no compensatory expres- 
sion of other MCPs in this system, consistent widi a pre- 
vious report in autoimmune kidney disease model m 
MCP-1-'- MRL-Fflj''' mice (61). These findings sup- 
ported the hypothesis that the similarity of EAE phenotype 
in MCP-1- and CCR2-deficient mice is caused by absence 
of the Ugand, i.e.. MCP-1 signaling pathway through its 
major receptor CCR2. ., _ 

T Cell Proliferation to MOG35-55 Peptide. To examine 
the afferent Umb of the immune response to MOG pepnde 
in wild-type and MCP-l-null mice. MNC suj«^o'" 
were prepared from PlLNs primed with 200 jtg MOG35- 
55 peptide in CPA and rechaUenged with MOG3^55 in 
vitro MCP-l-deficient mice showed a nonsignificantly 
higher recall T cell response than wild-type controls. No T 
ceU recall response was induced by srimulaaon with 
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Rgor. 5. Clinical course of EAE in MCP-l "'" and Htttnnate conod 
nJpien. mice that received MOG35-5^^ve T ceUs g^e«^ from 
MCT-r'* or MCP-1-'- Btteimates. Data are presented as die EAE score 
(mean ± SD) in each poup. Each group consists of four redptent mice. 



PLP139-151 in vitro, a specificity control. No difference 
in anti-CD3e-induced T cell proUferation was found be- 
tween wUd-type and MCP-l-^eficient mice (data not 
shown). These data indicated that the CD3 pathway w« 
intact in MCP-l"'' mice, and that MOG35-55-«pecific T 
cells can be generated in MCP-l-defidentmice^ 

MCP-r'-Mice Do Not Develop Oinical EAE m Passive 
Tranter Model. An adoptive transfer EAE model was used 
to fiirther address whether MCP-l-null niice could de- 
velop pathogenic autoimmune responses to MO03^b5 
peptide. MCP-1+'* and MCP-l"'" B6 mice were immu- 
nized widi MOG35-55 peptide in CPA. and MNCs iso- 
kted from draining lymph nodes were cultured m the pres- 
ence of MOG35-55 peptide and lL-12 before transfer mto 
MCP-1-'" mice or Uttermate controls. As expected, 
MCP-l+'+ mice receiving MCP-1+'* T cells developed 
clinical EAE (Fig. 5). MCP-l"'" T cells showed approxi- 
mately die same encephalitogenic capacity m tbs adoptive 
transfer model, resulting in a comparable incidence, sever- 
ity, and cUnical course of EAE in MCP-1*'* '^flT' ^ 
contrast. MCP-1-'- mice that received MCP-l*'* T celk 
failed to develop clinical EAE (Fig. 5). This result mdicated 
that the attenuated EAE in MCP-l"'' mice was not 
caused by impaired generation of encephahtogemc T cells. 
The data also demonstrated that absence of MCP-1 expres- 
sion in the recipient rendered the mice unable to respond 
to encephalitogenic signals produced by wild-type T cells. 

To dissect the mechanisms underlying the relaavely re- 
sistance to EAE induction in MCP-l-deficient mice, the 
MOG35-55-induced EAE model was used in the foUow- 
ine mechanistic studies. To obtain samples fitim MCP-1 
n^ce with fiill-blown EAE, FIO mice were immunized 
with MOG35-55 in CPA plus 500 ng pertussis toxm per 

'"Si CDllb^CD4-/CD4^ Ratio but Unchanged I^- 
els ofCD3€ and CDS Transcripts in CNS Tissue from MCP- 
r'- Mice with EAE. Results described above suggested 



that MCP-l-nuU mice were deficient in recruiting mono- 
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cytes to the CNS during EAE. To address dm «sue, leuko- 
ses were isolated &om CNS dssue of wdd-type and 
MCP-l-nuU mice with comparable seventy of EAt, ana 
analyzed wiA flow cytometry. Cell "-"^ers m prepara- 
tions isolated from MCP-l"'" mice during EAE attacks 
Zore 4) were -1/3 of those from MCP-1-* htterma e 
controb with comparable EAE severity Compared with 
MCP-1^'^ littermate controls. MCP-l"'' mice showed a 
Sly reduced percentage CDl lb;CD4-^cells in the 
CNS during EAE attacks (71.8 ± 4.6% vs. ^-0 * J•2^• 
mean * SD, « = 5 and 4. respectively; P < O-OOOl)- In 
contrast, percentages of CD4^ celk were relaav^y in- 
creased in MCP-1- mice (20.2 ± S 9% ^- 39^8 ^ f/^ ' 
mean ± SD. « = 6 and 4. respectively; P < ^MU Fig. 6) 
The CD4* infiltrating T cells t^.^fi' '^^f, f 

CDllb (aMP. integrin) both in MCP-l^'"^ (79.0 ± 5.6. 
„ = 5) and MCP-1-'- (78.1 ± 6.8, n = 5) mice, mdicaang 
diat most infiltrating CD4+ T cells are activated. 

To nomiaHze percentage of CD4- T cells m die CNS 
infiltrates of wild-type and MCP-l-nuU mice with EAE 
total CNS T cells were analyzed by determinmg levels ot 
CD3€ in die CNS. We found no significant difference in 
CNS CD3e mRNA levek between wild-type (0.789. « 
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Figure 6. Altered pattern of CNS cell infiltrate, in MCP-l-null mice^ 
MCP 1-'- and MCP-1*'* littermate controls were immunized with 
MOG35-55 and pertussis toxin (500 ng/injection) and killed at the peak 
of (score 4) CeUs were isolated from the CNS and stained with 
antra)i^FlTC anti-CDllb-PE, and anti-CD45^y mAbs. Compared 
«d:^ controls (A), the percentages of CDnb*CD4- cells were 
Tgrifi^nd^creased whereas the percentages of CD4; T "Us 'noeased 
fn MCP-1-'- mice (B). In contrast to MCP-r'* mice that developed 
L blown EAE with numerous CNS CDllb^CD45-^ "lacrophages/ 
aSvated microgUa and T cells (C), *e majority of ceUs isolated from 
CNS riLs ofiAE symptom-free MCP-l- mice on day 14 pi were 
CDl lb*CD45'°~ microglia (D). 
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5; CD36/GAPDH) and MCP-l"'" (0.791, « = 5; CD3€/ 
GAPDH) mice with clinical EAE scores of 3.5-4.0, sug- 
gesting diat total T cell numbers in the CNS of wild-type 
and MCP-l-null mice widi EAE were equivalent. There- 
fore, die increased proportion of CD4* cells in the CNS 
leukocyte infiltrates of MCP-l-null mice was caused by a 
marked reduction in the number of CDllb*CD4- celb m 
die CNS of MCP-l-deficient mice widi EAE. 

CD8* T cells play an important downreguhtory role in 
die padiogenesis of EAE (62). The possibility d«t die 
milder clinical EAE phenotype observed m MCP-1 
mice might be due to an increased number of CDS l 
cells in die CNS infiltrates was unlikely based on die tact 
diat leveb of CD8-specific mRNA were virtually idenO; 
cal in MCP-1-'- (24.08 ± 0.3. n = 5) and MCP-1 
(24 21 ± 0 2 n = 5> CNS tissue during EAE attack, ihe 
passive transfer EAE model was used to examine farther if 
CD8+ T cells can be preferentially recruited CNS in 
the absence of MCP-1. MOG35-55-reactive MCP-l 
T cells were incubated in die presence of MOG35-55 and 
IL-12 and were injected intravenously mto MCF-1 
and MCP-r'- mice. To reduce die influence of second- 
arily recruited macrophages in die CNS. reciinent mice 
were killed at day 3 and 4 after T cell transfer, before die 
onset of clinical EAE. CNS-infiltrating T cells were recov- 
ered and analyzed using flow cytometry. No difference was 
found between MCP-1*'* and MCP-l"'" mice (data not 
shovm). These results demonstrated diat disnipQon of 
MCP-1 gene exerts no significant impaa on die recruit- 
ment of adoptively transferred T cells i'-A^-^^^^^ 
CNS tissue. No significant difference m Mb-1 lev- 
els was found in EAE-affected CNS tissue from MCP-1 
and MCP-r'- mice (data not shown). » .„„ , _/- 

We also examined die leukocyte infiltrates m MCP-1 
mice at day 14 pi when die MCP-1*'* controls were un- 
dergoing EAE attacks while die MCP-l"'" mice were still 
free of EAE signs. Shown in Fig. 6 C are numerous 
(-;j545hi^CDllb* (mainly contaimng macrophages/aca- 
vated microgUa and activated T cells) isolated from MCP- 
1+'+ mice during EAE attack on day 14 pi. In contrast, the 
majority of cells isolated from MCP-l"'' mice were 
CD45''>''CDllb* microgUa, and die components ot the m- 
filtrates (Fig. 6 D) were virtually die same as diose from 
healdiy unimmunized mice (data not shown). 

Diminished MOG35-55-specific Thi Cytokine Responses 
in MCP- 1-nuU Mice. Significant changes in cytokine pro- 
duction have been described in die Thl immune response 
that typifies MOG35-55 peptide-induced EAE m B6 mice 
(35). Serum concentrations of IFN--Y, IL-4, and IL-10 
were determined by ELISA from mice immunized with 
MOG35-55 on days 8 and 10 pi and at the peak of E/^ 
(day 14 pi in wild-type controk and 25 pi in MCP-l-defi- 
cient Jce). At day 8 pi. concentrations of IFN-7 were 
sUghdy but significandy higher in wUd-type than m MCP- 
l4ieficient mice. This difference between wdd-type aid 
MCP-l-deficient mice became strikingly evident on day 
10 pi near the onset of EAE in wild-type controls. The on- 
set of EAE was also associated with increased serum levels 
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Fieure 7. Quantitation of circulating cytokine IcvcU in MCP-1 and 
MCP-r^-^ mice immunized with MOG3S-55 in CFA and pertussis 
toxin (500 ng/injecdon). Sera were coUected at different times after >m- 
munization and measured for levek of IFN-7 (A), IL-10 (B), and IL-4 
(undetectable, data not shown). Data are mean ± SD of five individual 
mice in each group. This histogram is representative of two experiments 
with similar results. WT, wild-type; KO, knockout. 



of IFN'-Y in MCP-l-deficient mice, but the magnitude of 
increase was significantly less than in MCP-1+^-^ mice (Fig^ 
7 A). Circulating IL-10 was detected at low levels m both 
and MCP-1"^" mice before and after the onset 
of EAE. Before EAE onset at day 8 pi (Fig. 7 B), serum IL- 
10 was sHghdy but significandy higher in MCP-1 ^ mice 
dian in wild-type controls. Serum IL-4 remained below 
die limits of detection in both MCP-1+^^ and MCP-l"^" 
mice at all rime points. 

These results were supported by data from m vitro 
restimulation experiments, using draining lymph node 
(PILN) cells firom mice immunized with MOG35-55 in 
CFA. Upon rechallenge with MOG35-55 peptide in vitro, 
at all examined occasions during the ceU culture, PILN 
cells firom MCP-1 mice secreted ^50% less IFN'-y dian 
cells firom MCP-l^^^ mice (Fig. 8, left). IL-4 and IL-10, 
signature Th2 cytokines in EAE (26, 29, 63, 64), were also 
measured. Aldiough low leveb of IL-10 were found m die 
culture supematants of restimulated PILN cells firom both 
MCP-1 and MCP-1"^" mice, significandy higher levels 
of IL-10 were detected in cultures of cells firom MCP-1 
mice (Fig. 8, right). IL-4 was undetectable in all ceU culture 

supematants. ^-/- a 

CNS Cytokine tnRNA Accumulation in MCP-1 and 
Wild-type Mice unth EAE. Local expression of IFN-'V m 
die CNS was analyzed by real-time RT-PCR. Signifi- 
candy higher geometric mean levels of IFN-7 were found 
in spinal cord tissue from MCP-l-^^+ mice at the peak of 
EAE attacks (MCP-l^^*^: 27.7 ± 0.3, mean ± SD, « = 4; 
MCP-r^~: 29.9 ± 0.8, « = 4, P < 0.05). This result mdi- 
cated approximately a fourfold diflference in die CNS ex- 
pression of IFN-7 between mice widi intact and disrupted 
MCP-1 genes, despite equal numbers of CNS-infiltrating 
T cells (see above). There was no difference in IL-10 ex- 
pression in CNS tissue between MCP-1+^^ and MCP-l"^" 
mice with full-blown EAE. IL-4 gene expression was un- 



Fieurc 8. Cytokine levels in ceU culture supematants of lymphocytes 
from MOG35-55-immuni2cd MCP-l-de6cient mice and their htter- 
mate controls- Cells from draining lymph nodes were restimulated with 
MOG35-55 peptide in vitro. Supematants were coUectcd at different 
rimes after immunization as indicated and measured for l^N-^. "--lU 
and IL-4 (undetectable, data not shown). Data represent m^ms ± SD and 
are representative of two experiments with similar results. WT, wUd- 
typc; KO, knockout. 

detectable both in MCP-l^^*^ and MCP-l"^" mice (data 

not shown). , fl. 

Decreased Expression of IFN-r-indudhle W-kD Protein, 
Macrophage Inflammatory Protein ia, and RANTES in CNS 
Tissue jromMCP-r^' Mice with EAE, CNS chemokine 
expression was quantified using RPA, in tissues firom MCP- 
1+^+ and MCP-1"^" mice equally affected by EAE (score 
3 5-4.0). MCP-1~^~ mice had significandy lower levels of 
IFN-7-inducibIe 10-kD protein (IP-10), macrophage in- 
flammatory protein (MlP)-la, and regulated upon activa- 
tion, normal T cell expressed and secreted (RANTES) tran- 
scripts compared widi wild-type Httermate controls (Fig. 9). 
Expression of MCP-3 was low in MCP-l^^"^ and MCP- 
\'^' mice at the peak of EAE attack without significant dif- 
ferences between MCP-l-deficient mice and Httermate 
controls, supporting die results obtained using real-time 
RT-PCR T cell activation gene (TCA)-3 expression in 
die CNS of MCP-l^^-' and MCP-r^" mice widi EAE 
was near die lower limits of detection. No significant differ- 
ence was found in CCR gene expression (data not shovm). 
However, diere was a nonsign^cant trend towards de- 
creased levels of CCR2 expression in MCP-1 EAE 
CNS tissue compared with v«ld-type controls. In the ab- 



Figure 9. Chemokine expres- 
sion in spinal cords from MCP- 
\'f- and MCP-1 mice im- 
munized with MOG35-55 and 
pertussis toxin (500 ng/injec- 
rion). Spinal cords were col- 
lected from mice that were 
equally affected by EAE (score 4) 
and levels of chemokine mRNA 
were measured using RPA. Data 
are presented as mean chemo- 
kine products ± SD. WT, wUd- 
type; KO, knockout. 
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sence of MCP-1, the presence of CCR2 in the affeaed m- 
sue might indicate the action of oAer CCR2 
tematively, the migration of CCR2-bearing cells mto CNS 
might be a bystander phenomenon. Miv ^» 

Compelling evidence has shown that I^'IO. MlP-la. 
and RANTES are potent &ctors that at«ct ™ T c'.Ib 
into sites of inflammation (65-70). Further. Thl/Th2 T 
cells have been recently reported to differenaaUy secrete 
RANTES, lymphotactin. and TCA-3. '"f 
Enhanced expression of IP-10. MIP-1«. ^^^^^^^^ 
MCP-l+'+ EAE CNS tissue and undetectable ICAO ex- 
pression in either MCP-l^^ °' ^^'j:'; 7?Te5^ 
notion that immune reactions within the CNS dunng EAE 
atucks are Thl biased and such responses are more pro- 
nounced in mice with an intact MCP-1 gene. 

Anti-MOG Isotypes in MCP-r'- and WM-^ 
Mice. Sera from MCP-1^'* and MCP-1 ' nuce vadi 
EAE were analyzed for total IgG. IgGl, arid IgG2a Abs 
against die immunizing MOG35-55 peptide. Wdd-type 
and MCP-l-deficient mice produced similar amounts ot 
total MOG-specific IgG (Fig. 10). Despite the dispanty m 
cUnical severi^ between wild-type and MCP-l-nufl mice, 
this finding was not unexpected, given the results of «per- 
iments using B cell-deficient mice, which showed tlmlg 

does not play an important pathogemc role m MOG35-55 
peptide-inducedEAEinB6mice(48). 

However. Ig isotype analyses differentiated the wdd-^^e 
and MCP-l-<ieficient mice. Levels of anti-MOG35-55 
IeGI Abs in wild-type controk remained low from day 14 
pi dirough day 60 pi (Fig. 10) and were not elevated at in- 
termediate time points (data not shown). In contrast sigmf- 
icandy higher levels of anti-MOG35-55 IgGl Abs were 
evident in MCP-l"'" mice (Fig. 10). Levek of and- 
MOG35-55 IgG2a Abs showed a trend towards elevated 
levels in wild-type controls on day 14 pi, whereas no dif- 
ference between wild-type and MCP-l-null mice was 
found on day 60 pi (Fig. 10). 

Taken together, these results suggest that a polarized 
MOG35-55-induced Thl immune response m wUd-type 
mice leads to a suppressed Th2 response, charaaenzed by 
undetectable IL-4. lower levels of IL-10, lower l^^e^ of 
anti-MOG35-55 IgGl, and higher levels of IgG2a. In dus 
model, die absence of MCP-1 results in a shift towards a 
Th2-biased response, widi reduced production of IFN-7, 
enhanced secretion of IL-10, and higher levels of IgGl. 



Discussion 

We and odiers have previously shown that MCP-1 w« 
markedly elevated in the CNS of SJL and B6 mice w.A 
EAE (33 35) and levels of MCP-1 expression correlated 
^ ie severity of relapsing EAE (72). Anti-MCP-1 Abs 
Mocked relapsJ of EAE (36). CNS MCP-1 is largely pro- 
duced by piencbymal astrocytes (34). MCP-1 expression 
by astrocytes in MS brain lesions has also been convmc- 
indy documented (40-42). 

However, these studies did not estabhsh a pnma^ role 
for MCP-1 in disease pathogenesis. In '^•^""/^fi"^"^^ 
studies of EAE using CCR2-deficient mice (37. 38) the 
relevant Hgand for the deleted receptor was not defined. 
Moreover, MCP-1 exhibits attributes diat argue for a role 
in restraining autoimmune demyelination. In partictdar 
MCP-1 exerts a dirert or indirect (via IL-4) mipact on Th2 
T ceD development (11). Furdier, the presence of MCP-1 
in in vitro cell culture systems .LTsTS^S^ 
nic potential of T cells directed to PLP139-151 (36). NK. 
cells diat inhibited the encephaUtogenic PO««°»l //.^^T 
aeeressive T cells in DA rats produced high levek of MCP-1 
invitro (73). The role(s) of MCP-1 in the padiogenesis and 
development of EAE (MS) has dierefore been uncerttin_ 
Using gene-targeted mice, we demonstrate that lack of 
MCP-1 delays die onset of EAE and amehorates its sever- 
ity by reducing the accumulation of inflammatory leuko- 
cytes widiin CNS. This phenotype was associated with un- 
paired MOG35-55-^pecific Thl immune r^pom^. 

Impaired macrophage recruitment into die CNS. as m- 
dicated by reduced total number of celk and percemge of 
CDllb+CD45++CD4- celk recovered from CNb in 
MCP-l-deficient mice in our study, is consistent vwth the 
reduction of macrophages in MCP-l'" mice in contact 
hypersensitivity responses (2), in kidney and lung l^om of 
MCP-1-'- MRL-F«*' mice (74), in aomc walk of MCP-1 
and low density Upoprotein receptor double-deficient nnce 
(75), and in adierosclerosis plaques from MCP-1 mice 
that'overexpressapolipoproteinB (76). 

Compelling evidence suggests that macrophages and 
their products can be detrimental in EAE and human MS_ 
Expr«sion of MHC class II is markedly elevated in EA£ 
and MS (77), costimulatory molecules such as CD80. 
CD86 expressed mainly by macrophages have been dem- 
onstrated in MS lesions (78). and blockade of CD28/ 
CD80 CD86 padiway prevents epitope spreading ana 






Figure 10. Serum concentrations of 
anti-MOG35-55 IgG, IgGl, and lgG2a 
Abs in MCP-1-'- and MCP-l"^'"^ Ut- 
termate controU after immuraiation 
with MOG35-55 plus pertussis toxin 
(500 ng/injection). Indicated m days pi 
when sera were collected. Dau are ex- 
pressed as mean ± SD, « = 6, in each 
poup. *P = 0.08. "P < 0.01. WT, 
wild-type; KO, knockout. 
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clinical relapses of EAE C79). B^-l/BT-r'-jmce are re- 
cant to EAE induction (47). Similarly, blockang^of mterac- 
tions between CD40 on macrophages and CD40L on 1 
cells has been shown to effectively prevent EAE (80). 
Products of macrophages Uke TNF-a. IFN--Y, and mtnc 
oxide have also been demonstrated to be cnacal m the d- 
fector phase of EAE (81. 82). Macrophage depletion uAib- 
its the induction of EAE (83). The absence of chmcal EAE 
in MCP-1-'- recipients of wild-type ^nceph^togemc T 
cells farther indicates the importance of CN^ MCP-l ex- 
pression in recruiting macrophages to the CNS. We pro- 
pose that it is die failure to recruit significant number ot 
macrophages into CNS that constitutes the principal mech- 
^m forfesistance to EAE induction in MCP-l-deficient 
mice Based on these studies, we cannot exclude the possi- 
biUty that MCP-1 may directly alter trafficking pattern ot 
dendritic celk in periphery or CNS, expression of costmiu- 
latots. inflammatory cytokines, and adhesion molecules. 
Further studies are underway to address these issues. 

As several studies have shown that MCP-1 is a cnacal 
fector for T cell commitment to the Th2 phenotype, we 
did not anticipate that MCP-1 gene disruption would re- 
sult in reduced MOG35-55^pecific Thl immune re- 
sponse in these EAE experiments. Our results show diat 
MOG35-55^pecific MCP-l"'" T cells secreted a laijge 
amount of IFN-T although less than MCP-l/'"^ T cells 
but undetectable levek of lL-4. In view of the reaprocal 
regulation between IFN-7 and IL-10. the enhanced m 
vitto secretion of IL-10 by MCP-l"'" T cells might be 
secondary to reduced levels of IFN-7. However, increased 
expression of IL-10 was not observed in vivo as demon- 
strated by the equal amount of IL-10 transcripts m MCP- 
1+'+ and MCP-1-'- EAE CNS tissue. The 6ct that 
MOG35-55-reactive MCP-l"'" T cells mediated severe 
EAE in wild-type recipient mice in the passive transfer 
EAE model fiirther suggests diat they were Thl polanzed_ 
An explanation for the equal encephalitogenic capacity of 
MCP-1-'- T cells compared with MCP-l* T cells could 
be that die defective IFN-7 production by MCP-1 T 
cells might be corrected by the presence of IL-12 m die cell 
culture system (84). Alternatively, IFN-7 concentrations 
beyond a threshold may be dispensable for encephahtoge- 
nic potential. T cells from MCP-l-null mice were shown 
to produce lower levels of IFN-7 in vitro upon MOG35- 
55 restimuladon in our studies, and MCP-l"'- 
secreted ~50% less IFN-7 when restimulated with Scftww- 
soma mansoni eggs in vitro (2). implying a role for MCP-1 
in maximal expression of this cytokine under some circum- 
stances. On die premise that MCP-1 is the major h^nd for 
CCR2 in diis model, cur results are consistent with what 
has been recendy reported in CCR2-deficient mice (38). 
Thus, a dual fimcrion is suggested for MCP-1 m regulating 
T cell immune responses: promoting Th2 »mm«ne re- 
sponses in certain circumstance whUe fecilitatmg Thl re- 
sponses in odiers. Such difference is not uncommon when 
molecules were tested in different animal strains, disease 
modek. and using different immunogens. 



We propose that die role of MCP-1 in EAE became 
manifest because of die extreme Thl polarizaaon imph- 
cated in diis model. The impaired abihty to mount Th2 re- 
sponses was not relevant in these experiments because the 
<fcease was severely attenuated by die reducoon of mac- 
rophage recruitment to die CNS. Such reduction of mac- 
rophage reaction might subsequendy result ui reduced Thl 
umnune responses. Remarkably, in *e absence of re- 
nted mac^phages. highly polarized Thl cells became 
unable to express die Thl effector progratn. most clearly 
demonstrated by decreased circulating and CNS II-N-7 
and Mure to eUcit EAE in MCP-Weficient mice by 
MOG-primed MCP-l+'+ encephalitogemc T ceUs. 

Taken m the context of recent reports (37. 38), our re- 
sults indicate that the MCP-1/CCR2 Ugand/receptor pair 
is critical for die expression of EAE in mice. In turn, diese 
findings motivate a continuing effort to characterize die 
fimction of diis multipotential chemokine m human dis- 
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